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Epinephrine and Procaine in Cardiac Re- 
suscitation from Ventricular Fibrillation 
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M.D., Ropert MILuier, M.D., AND PETER KornFELD, M.D. 


The efficacy of electrical countershock, cardiac massage, epinephrine and procaine in stopping 
ventricular fibrillation and restoring a competent ventricular contraction was studied in anesthe- 
tized dogs. It was found that countershock is a reliable means of stopping fibrillation. However, it 
must be preceded by cardiac massage if not applied promptly after the initiation of fibrillation. 
Epinephrine helps restore a competent ventricular contraction once fibrillation has been stopped 
by countershock, but it increases the incidence of recurrence of fibrillation. The doses of procaine 
which constitute a reliable means of stopping fibrillation depress the rhythmicity of the heart to 
such an extent that the cessation of fibrillation is followed by prolonged periods of cardiac stand- 


still. 


ENTRICULAR fibrillation is a cardiac 

mechanism in which, because of the lack 

of coordination in the activity of the 
ventricular fibers, no blood is expelled from the 
heart and this results m generalized anoxia and 
death. Fibrillation can be caused by coronary 
occlusion, electrocution, various drugs or com- 
bination of drugs such as digitalis and digitalis- 
like drugs, chloroform, chloroform-adrenalin, 
henzol-adrenalin and cyclopropane-adrenalin. 
The fibrillation induced by digitalis and digi- 
talis-like drugs is of a somewhat particular type 
however. Ventricular fibrillation can also be 
initiated by mechanical, chemical or thermal 





From the Department of Medicine, Columbia 
University College of Physicians and Surgeons, and 
the Presbyterian Hospital, New York, N. Y. 

This work was supported by a grant from the New 
York Heart Association, the Sidney A. Legendre 
Memorial Gift, and the Charles A. Frueauff Research 
Cift. It was presented at the 1951 meeting of the 
-merican Society for Pharmacology and Experi- 
mental Therapeutics. 


trauma to the heart. Isolated instances have 
been noted during various surgical procedures, 
especially those involving the thorax and the 
heart. It may also occur as an agonal event. 
Although in certain species of mammals, such 
as the cat, ventricular fibrillation may stop 
spontaneously and a normal cardiac mechanism 
be resumed, in dogs as well as humans the 
usual type of true fibrillation is essentially a 
cardiac mechanism which is not spontaneously 
reversible. It usually persists for as much as 30 
minutes until terminal cardiac arrest ensues. It 
can be stopped, however, when it is not induced 
by an organic lesion of the myocardium ‘such 
as myocardial infarction.* The present study 
was undertaken in an attempt to estimate the 
respective usefulness and limitations of several 
procedures and drugs which have been recom- 
mended to stop ventricular fibrillation and 
restore a competent ventricular contraction. 


* For a review of the subject of ventricular fibril- 
lation, see references 1 and 2. 
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2 CARDIAC RESUSCITATION 


Electrical countershock, cardiac massage, epi- 
nephrine and procaine were studied. 


MeEtTHODS 


Seventy-five dogs weighing between 6 and 31 Kg., 
53 of which weighed between 9 and 15 Kg., were 
anesthetized by the intravenous administration of 
25 mg. of sodium pentobarbital per kilogram of body 
weight. The chest was opened by a midsternal in- 
cision, and under artificial respiration the heart was 
suspended in a pericardial cradle. The mean arterial 
blood presse was _ recorded optically from a can- 
nulated carotid artery. Ventricular fibrillation was 
induced electrically with an alternating current 
stimulus of minimal intensity applied through two 
fishhook electrodes hooked into a gauze pledget 
soaked with isotonic sodium chloride solution and 
resting on the left ventricle. Electrocardiograms in 
the three standard limb leads were recorded at ap- 
propriate times. 


RESULTS 
I. Electrical Countershock 


A. Countershock Applied after 30 Seconds of 
Fibrillation. In five dogs, countershock was 
applied about 30 seconds after the initiation 
of ventricular fibrillation. A typical experiment 
is pictured in figure 1. As can be seen in figure 
1, the control arterial blood pressure was 110 
mm. Hg. Before electrical stimulation resulted 
in ventricular fibrillation, two electrical stimuli 
were unsuccessful in inducing ventricular fibril- 
lation but resulted in two short episodes of 
ventricular tachycardia accompanied by a tem- 
porary drop of the arterial blood pressure. At 
the first arrow, a third electrical stimulus re- 
sulted in ventricular fibrillation. The arterial 
blood pressure promptly fell toward zero. Abou 


Fic. 1. Mean arterial blood pressure before, during and after a bout of ventricular fibrillation last - 
ing 38 seconds. At first arrow, induction of ventricular fibrillation; at second arrow, electrical counter- 
shock resulting in cessation of ventricular fibrillation and resumption of regular sinus rhythm. At the 
left of the tracing, blood pressure scale in mm. Hg. Time in seconds. 


Cardiac massage consisted of rhythmic compres- 
sions of both ventricles with one hand at a rate 
ranging from 40 to 60 per minute. The descending 
aorta was compressed and partially constricted 
during massage to force more blood into the coronary 
and cerebral circulations. There were marked varia- 
tions in the arterial pressure reached during massage, 
the mean pressure ranging between 50 and 100 mm. 
of mercury. 

The technic used to apply electrical countershock 
in order to stop ventricular fibrillation was essentially 
that used by Wiggers and Wégria.'~> It consisted in 
enclosing the whole ventricular mass between two 
copper electrodes padded with cotton soaked with 
isotonic sodium chloride solution and sending 
through the heart short bursts, estimated to last 
about 0.1 second, of a 60 cycle per second alternating 
current of 110 volts, passing through a variable 
resistance. Sometimes one such shock was effective 
and sometimes a series of shocks had to be applied. 
During all the different procedures used for re- 
suscitation, artificial respiration was maintained, 
whether cardiac massage was applied or not. 


one-half minute after the induction of ventricu- 
lar fibrillation, two countershocks stopped ven- 
tricular fibrillation and regular sinus rhythm 
was resumed. The arterial blood pressure rose 
progressively and reached a maximum of 165 
mm. Hg, 2 minutes and 20 seconds after the 
initiation of fibrillation. In a part of the record 
not reproduced in figure 1, the blood pressure 
was seen to decrease progressively from its 
peak of 165 mm. Hg to values of 105, 98, 87 
and 50 mm. Hg 15, 25, 45 and 60 minutes, 
respectively, after the initiation of fibrillation. 
In figure 2 are reproduced electrocardiographic 
tracings (lead II) recorded during the same 
experiment. Section A is the control electro- 
cardiogram showing regular sinus rhythm. Sec- 
tion B was taken at the end of the period of 
ventricular fibrillation. The record of section 
C, taken one minute after the initiation of 
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ibrillation, that is, 22 seconds after fibrillation 
had been stopped, demonstrates that regular 
sinus rhythm had been resumed. The S-T seg- 
ment of the electrocardiogram was markedly 
elevated. Section D, recorded seven minutes 
ifter the initiation of fibrillation, shows that 
the electrocardiogram had resumed its control 
form. Essentially similar observations were 
made in all five experiments of this type. 
Countershock was effective in stopping fibril- 
lation in all five dogs. Immediately thereafter, 
the ventricles began to beat spontaneously. In 
three dogs regular sinus rhythm was resumed 
immediately; in the other two dogs, auricular 
fibrillation lasting 10 and 90 seconds, respec- 
tively, preceded the resumption of regular sinus 
rhythm. It is believed that these bouts of 
atrial fibrillation were induced by the elec- 
trical countershocks which stopped the fibrilla- 
tion in the ventricles. In all five dogs, the 
blood pressure rose rapidly to or above control 
as soon as ventricular fibrillation was stopped. 
In three, the blood pressure remained above 
100 mm. Hg for one hour; in the fourth dog 
the blood pressure was 80 mm. Hg during the 
control period, and was 80, 77, 68 and 70 mm. 
Hg, respectively, 5, 15, 40 and 60 minutes after 
the initiation of fibrillation. The fifth dog is the 
one described in figure 1. Electrocardiograms 
were recorded in four of the five experiments. 
In three of these there was marked displace- 
ment of the S-T. segment immediately after 
the re-establishment of a coordinated ventricu- 
lar beat. This displacement disappeared within 
three minutes. 

B. Countershock Applied after Five Minutes 
of Fibrillation. In four dogs countershock was 
applied five minutes after the initiation of ven- 
tricular fibrillation. During the five minutes of 
fibrillation, the character of the fibrillation 
changed markedly. Direct observation of the 
ventricles revealed that the initial fine, rapid 
quivering became progressively coarser and 
slower. A similar evolution in the fibrillatory 
process can be seen on the electrocardiogram 
of such an experiment, reproduced in figure 3. 
A, the control electrocardiogram, shows the 
cardiac mechanism to be regular sinus rhythm. 
Between A and B, ventricular fibrillation was 


induced. Sections B, C and D, recorded after 
20 seconds, 14 minutes and 414 minutes of 
fibrillation, respectively, illustrate that the rate 
of fibrillation slowed from about 450 per minute 
to approximately 300 per minute. Between D 
and #, electrical countershock was applied after 
five minutes of ventricular fibrillation. It was 
effective in stopping ventricular fibrillation. 
Section EL, recorded 20 seconds after the counter- 


eeealel lh 


[Fig. 2. Sections of electrocardiogram, lead II, 
recorded during the experiment of figure 1; A, during 
the control period; B, at the end of the period of 
fibrillation; C, one minute and D, seven minutes 
after the initiation of fibrillation. 


shock, shows regular sinus rhythm with an 
atrial rate of 55 per minute and ventricular 
standstill. Section F recorded seven minutes 
later illustrates that the sinus rhythm was still 
present and a slow idioventricular rhythm of 
about 25 per minute with very abnormal QRS 
complexes had appeared. Complete atrioven- 
tricular block was present. 

In all four dogs similar observations were 
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made: ventricular fibrillation was stopped by 
electrical countershock; sinus rhythm was re- 
sumed, first with ventricular standstill then 
with idioventricular rhythm. Such ventricular 
beats were ineffective in raising the arterial 
blood pressure. During the 10 to 20 mi.:ute 
period of observation which followed the cessa- 
tion of ventricular fibrillation, the heart de- 
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Fic. 3. Electrocardiogram, lead II, before, during 
and after a bout of ventricular fibrillation lasting 
5 minutes. A, control tracing; B, tracing after 20 
seconds of fibrillation; C, tracing after one and one- 
half minutes, and D, tracing after four and one-half 
minutes of fibrillation. Between D and E, electrical 
countershock was applied after five minutes of fibril- 
lation. E, electrocardiogram taken 20 seconds after 
electrical countershock, showing regular sinus rhythm 
and ventricular standstill; /, tracing recorded seven 
minutes after Z, showing regular sinus rhythm, com- 
plete atrioventricular block and _ idioventricular 
rhythm with very abnormal QRS complexes. 


teriorated further and the ventricular rate re- 
mained very low. 


II. Cardiac Massage 


As will be shown by the observations re- 
ported in section III, cardiac massage alone 
did not stop ventricular fibrillation. However, 
it prevented the progression of the fibrillatory 
process from the early fine, fast type to the 
late, slow, coarse type. Massage even caused 


the late type to revert to the early type at 
least within the limits of time which were 
studied. 


III. Cardiac Massage and Electrical Counter- 
shock 


A. Cardiac Massage—Electrical Countershoch 
Repeatedly Applied after Five Minutes of Fibril- 
lation. In a group of five dogs, ventricula 
fibrillation was induced and observed for five 
minutes. Phenomena similar to those described 
in section I, part B were observed. After 
this five-minute period of fibrillation, cardiac 
massage was instituted for 30 seconds. Massage 
was seen to change the fibrillation from the late 
type (slow and coarse) to the early type (rapid 
and fine). It was also noted that under the 
influence of massage the ventricles which first 
felt flabby to the massaging hand became rather 
suddenly much firmer. After the 30 seconds of 
massage, electrical countershock was applied 
and stopped ventricular fibrillation in all experi- 
ments. In this group also, the ventricular con- 
tractions were ineffective in raising the blood 
pressure. When it became apparent that the 
ventricular contraction was going to deteriorate 
further, massage was administered again al- 
though the danger of inducing ventricular ar- 
rhythmias by massaging ventricles contracting 
in a coordinated manner was fully realized. In- 
deed, massage resulted in ventricular fibrillation 
in all five dogs. This sequence of maneu- 
vers (massage resulting in ventricular fibrilla- 
tion followed by countershock stopping fibrilla- 
tion) was repeated from two to five times in 
each of these five dogs. The maneuver, massage- 
countershock, was stopped when it was noted 
that the ventricles were beginning to beat more 
vigorously and the arterial blood pressure was 
rising. At this time the blood pressure rose 
above control level in four of the five dogs. In 
one of these four dogs it remained above 100 
mm. Hg for one hour and in the other three it 
ranged between 60 and 80 mm. Hg. In the 
fifth dog, the blood pressure remained around 
50 mm. Hg. In four of the five dogs electro- 
cardiographic changes were slight, consisting of 
some S-T deviation, T-wave changes or both. 
These changes persisted throughout the period 
of observation but tended to decrease. In the 
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remaining dog, the changes in the S-T segment 
were marked, but tended to decrease also. 

B. Countershock Applied after 9 to 18 Minutes 
of Fibrillation during which the Ventricles Were 
Massaged Intermittently. In five dogs counter- 
shock was applied after ventricular fibrillation 
had persisted for 9 to 18 minutes. During 
ibrillation, cardiac massage was administered 
‘ontinuously for 7 to 10 minutes except for 
nterruptions of about 30 seconds every one to 
‘wo minutes to allow the recording of electro- 
vardiograms. After this period of 7 to 10 min- 
utes, Massage was discontinued for one and 
one-fourth to three minutes and in only one 
dog for four and three-fourths minutes, then 
the massage-countershock procedure was insti- 
tuted. In all dogs, fibrillation was stopped by 
the countershock, and coordinated ventricular 
heats were restored. The arterial blood pressure 
rose rapidly within the control range of about 
100 mm. Hg. In the dog in which fibrillation 
was allowed to persist for 18 minutes and no 
massage given for four and three-fourths min- 
utes, the blood pressure did not rise above 75 
mm. Hg; the control blood pressure of this dog 
was 90 mm. Hg. Figure 4 illustrates the elec- 
trocardiograms recorded during one of these 
experiments. Section A recorded during the 
control period shows regular sinus rhythm. Sec- 
tion B reveals that after seven minutes of 
fibrillation during which cardiac massage had 
been applied, fibrillation was still of the early 
type, but as seen in section C, it became slow 
two minutes after massage had been discon- 
tinued. Section D illustrates that fibrillation 
regained the characteristics of the early type 
of fibrillation after massage. Section EF is the 
tracing after fibrillation had been stopped, regu- 
lar sinus rhythm restored and the heart allowed 
to recover so that the electrocardiogram was 
similar to the control tracing. Electrocardio- 
grams were recorded on four of the five dogs 
after ventricular fibrillation had been stopped. 
None was recorded on the dog in which no 
massage was given for the longest time. The 
lectrocardiographic changes were essentially 
similar to those described in the group of experi- 
nents in which countershock was applied after 
30 seconds of fibrillation (paragraph I, part A) 
ind they evolved similarly. 


IV. Epinephrine 


The effect of epinephrine alone on ventricular 
fibrillation was studied in four dogs. Ventricu- 
lar fibrillation was induced electrically as pre- 
viously described and after a period of at least 
30 seconds of fibrillation, 0.05 mg. of synthetic 
l-epinephrine per kilogram of body weight was 
injected, half of the amount in each ventricular 
cavity. The total amount of the drug given was 
dissolved in 1 cc. of a 0.9 per cent sodium 
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Fig. 4. Electrocardiogram, lead II, before, during 
and after a bout of ventricular fibrillation. A, control 
tracing; B, tracing after seven minutes of fibrillation, 
cardiac massage having been applied except for inter- 
ruptions to allow recording of the electrocardiogram; 
C, tracing after nine minutes of fibrillation and two 
minutes after last massage; D, tracing after 10 min- 
utes of fibrillation and immediately after massage; 
E, tracing 20 minutes after inception of fibrillation 
and 10 minutes after electrical countershock had 
stopped fibrillation. 


chloride solution. To be sure to submit the 
ventricles to the effect of the drug, after the 
injection the ventricles were massaged 10 times 
within about one-half minute, the descending 
aorta being partially occluded with the fingers. 
After this last maneuver, the effects of the 
drug were observed without any further inter- 
ference. In none of the four experiments was it 
observed that epinephrine stopped fibrillation. 
However, the drug modified the fibrillatory 
process. Fibrillation became very fine and rapid 
and remained so for some time. Figure 5 illus- 
trates the electrocardiogram of such an experi- 





6 CARDIAC RESUSCITATION 


ment. The record of section A shows ventricular 
fibrillation after 30 seconds of fibrillation. The 
tracing in section B, recorded 3 minutes and 
40 seconds after the administration of epi- 
nephrine, that is five minutes after the initia- 
tion of fibrillation, shows that the fibrillation 
was still very rapid and fine; this is very 
striking when this tracing is compared with 
the tracing of figure 3, section C, which shows 
how much coarser and slower fibrillation had 
become after 1 minute and 30 seconds when 
not modified by epinephrine. The record of 
section C in figure 5 shows that even after 11 
minutes and 30 seconds of fibrillation, that is, 
10 minutes and 10 seconds after the adminis- 
tration of epinephrine, the fibrillation was still 


Fat 


Fic. 5. Electrocardiogram, lead II, showing ven- 
tricular fibrillation: In section A after 30 seconds of 
fibrillation, in section B after five minutes of fibrilla- 
tion and 3 minutes and 40 seconds after the admin- 
istration of epinephrine, in settion C, after 11 min- 
utes and 30 seconds of fibrillation and 10 minutes 
and 10 seconds after the administration of epi- 
nephrine. 


very fine and rapid, and this is especially strik- 
ing when the tracing of figure 5, section C is 
compared with the tracing of figure 3, section C. 

In these four experiments the control arterial 
blood pressures were 125, 110, 160 and 160 
mm. Hg, respectively. Massage-countershock 
was applied respectively 919, 16, 11 and 101% 
minutes after the injection of epinephrine. Ven- 
tricular fibrillation was stopped and a coordi- 
nated ventricular beat restored. However, 
because of the recurrence of ventricular fibril- 
lation, massage-countershock had to be used 
five and six times, respectively, in the first two 
experiments. The highest arterial blood pres- 
sures reached were 135, 135, 130 and 195 mm. 
Hg, respectively. At the time the observation 


was discontinued, that is, 24, 23, 19, and 17 
minutes after the injection of epinephrine, the 
blood pressures were 65, 70, 130 and 40 mm 
Hg, respectively. 


V. Procaine 


To study the effect of procaine on ventricular 
fibrillation a technic essentially similar to that 
used for the study of epinephrine was employed. 
Ventricular fibrillation was induced electrically 
as previously described; then after 30 seconds 
of fibrillation, variable amounts of a 20 pe: 
cent solution of procaine hydrochloride were 
injected, half into each ventricular cavity. This 
was followed by 10 massages of the ventricles 
given within one-half minute and with the 
aorta partially occluded. After the massage the 
heart was observed. 

A. Dose of 200 mg. of Procaine Hydrochloride 
per Kilogram of Body Weight. In all four dogs 
which received this dose of procaine, ventricu- 
lar standstill occurred during or immediately 
following massage. One of these experiments is 
illustrated by figure 6. Two dogs remained in 
ventricular standstill for the 10 minutes and 
30 seconds and 14 minutes and 40 seconds fol- 
lowing the injection of procaine that they were 
observed. In the other two dogs, five and seven 
minutes, respectively, after the inception of 
fibrillation ventricular standstill was followed 
by slow, localized, irregular ventricular con- 
tractions which did not raise the arterial blood 
pressure. The electrocardiographic deflections 
corresponding to those ventricular contractions 
were continuous, slow, irregular undulations 
very variable in size and form, essentially simi- 
lar to those seen in the late type of fibrillation 
previously described. After a period of 10 to 20 
minutes of observation, all four hearts were 
massaged whether they were in ventricular 
standstill or in what will be referred to from 
now on as coarse ventricular fibrillation. All 
four dogs remained in or developed ventricular 
fibrillation. In three of the four dogs, 1 mg. of 
epinephrine injected into the ventricles at this 
time increased the frequency of the fibrillatory 
waves. 

B. Dose of 150 mg. of Procaine Hydrochloride 
per Kilogram of Body Weight. In all of seven 
dogs this dose of procaine produced a slowing 
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gad coarsening of the ventricular fibrillation 
om a frequency of 600 to 800 per minute to 
» frequency of 80 to 150 per minute. In four of 
1e seven dogs, coarse fibrillation was followed 
y ventricular standstill in one to three minutes 
» ter the administration of procaine. All four 
gs remained in ventricular standstill for a 10 
' 15 minute period of observation, after which 
diac massage and 1 mg. of epinephrine re- 
- ited in coarse ventricular fibrillation. In the 
«her three dogs, procaine made the fibrillation 
coarser and slower without producing ventricu- 
lar standstill. After a period of observation of 
|) to 15 minutes, cardiac massage alone in one 
oi the three dogs and cardiac massage—epineph- 
rine in the other two modified the character of 
the fibrillation without stopping it. 
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the electrocardiographic deflections were so 
constant in shape and frequency that this car- 
diac mechanism may be called ventricular flut- 
ter. The frequency of the flutter waves was be- 
tween 95 and 140 per minute. After three to 
four minutes of ventricular flutter, slow fibril- 
lation returned and persisted for a 10 to 15 
minute period of observation. 

D. Dose of 50 mg. of Procaine Hydrochloride 
per Kilogram of Body Weight. At this dosage, 
procaine slowed fibrillation from a frequency of 
550 to 850 per minute to 250 to 450 per minute 
and fibrillation persisted for a 10 minute period 
of observation in four out of six dogs. In the 
fifth dog, ventricular fibrillation slowed, then 
was followed by ventricular standstill seven 
minutes after the inception of fibrillation. Then 


Fic. 6. Continuous electrocardiographic tracing, lead II, showing ventricular fibrillation becoming 
coarser and slower and then ending in ventricular standstill after the intracardiac administration of 
200 mg. of procaine per kilogram of body weight and cardiac massage. Procaine was administered 30 
seconds after the initiation of fibrillation and the recording of the tracing was begun immediately 


after the injection of procaine. 


', Dose of 100 mg. of Procaine Hydrochloride 
per Kilogram of Body Weight. With a dose of 
100 mg. of procaine per kilogram, results essen- 
tially similar to those observed with the dose 
of 150 mg. per kilogram were observed in a 
group of seven dogs. Three of these seven dogs 
vent into ventricular standstill during or im- 
inediately following massage. One of the three 
reverted to slow ventricular fibrillation after 
0 seconds of ventricular standstill. Massage 
did not stop ventricular fibrillation. The other 
wo remained in standstill for a 10-minute 
ieriod of observation after which cardiac mas- 
age resulted in ventricular fibrillation. In the 
ther four dogs, procaine slowed fibrillation 
onsiderably from a frequency of 600 to 850 to 
\ frequency of 100 to 250 per minute, and all 
our hearts went through a period during which 


regular sinus rhythm of a rate of 30 per minute 
with prolonged atrioventricular conduction and 
intraventricular block developed. These ven- 
tricular contractions did not raise the aortic 
blood pressure. As the heart did not seem to 
improve dynamically after three minutes of 
sinus bradycardia, the ventricles were mas- 
saged, which resulted in ventricular fibrillation. 
Massage-countershock was instituted 20 min- 
utes after the beginning of the first bout of 
fibrillation and restored regular sinus rhythm. 
At this time 1 mg. of epinephrine resulted in 
sinus tachycardia and the arterial blood pres- 
sure reached 220 mm. Hg. The preparation was 
not followed any further. 

In the sixth dog, procaine slowed fibrillation; 
then ventricular flutter of a rate of 330 per 
minute was observed. Four minutes after the 
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inception of fibrillation, ventricular flutter of a 
rate of 85 per minute was present and three 
minutes later ventricular standstill occurred. 
It persisted for four minutes, then irregular, 
coordinated ventricular beats were resumed, at 
which time the atria were noted to beat infre- 
quently and irregularly; the ventricular con- 
tractions were idioventricular in origin. As the 
ventricular beats did not raise the arterial blood 
pressure, cardiac massage was administered for 
one and one-half minutes, which resulted in 
sinus tachycardia with prolonged atrioventricu- 
lar conduction. The arterial blood pressure rose 
progressively, reaching a peak of 130 mm. Hg 
17 minutes after the inception of the first bout 
of ventricular fibrillation, then it declined pro- 
gressively and was 70 mm. Hg one hour after 
the initiation of fibrillation; the control blood 
pressure was 120 mm. Hg. The electrocardio- 
gram was similar to the control tracing 16 
minutes after the beginning of ventricular fibril- 
lation. 

E.. Dose of 20 mg. of Procaine Hydrochloride 
per Kilogram of Body Weight. In all eight dogs 
which received this dose, ventricular fibrillation 
became coarser and slowed from a rate of 500 
to 750 per minute to a rate of 150 to 400 per 
minute. In three of these dogs, fibrillation per- 
sisted for a 10, 12 and 16 minute period of 
observation, after which massage-countershock 
resulted in the return of a regular coordinated 
ventricular beat. However, the arterial blood 
pressure in all three dogs either did not rise, or 
rose but then decreased within approximately 
five minutes to levels of 30 to 50 mm. Hg. In 
the remaining five dogs, ventricular standstill 
occurred 6, 814, 914, 10 and 14 minutes, re- 
spectively, after the inception of fibrillation. 
The dog which developed standstill after nine 
and one-half minutes remained in ventricular 
standstill for six minutes at which time massage 
resulted in ventricular fibrillation. Massage- 
countershock restored a coordinated ventricular 
beat and the blood pressure reached a peak of 
120 mm. Hg, but it declined to 20 mm. within 
five minutes. In the other four dogs, ventricular 
standstill was immediately followed by a slow 
idioventricular rhythm of from 10 to 50 beats 
per minute in three dogs and regular sinus 
rhythm with a 4:1 atrioventricular block in 


the other dog. These coordinated beats were 
weak and unable to raise the aortic blood pres- 
sure. Cardiac massage at this time resulted in 
ventricular fibrillation. Massage-electric coun- 
tershock caused the resumption of regular sinus 
rhythm in all four dogs. In three dogs the 
blood pressure rose and remained above 90 
mm. Hg and was still 90 mm. Hg or more 45 
to 60 minutes after the initiation of fibrillation. 
In the fourth dog in which ventricular fibrilla- 
tion persisted for 14 minutes, the blood pres- 
sure rose to 75 mm. Hg but decreased markedly 
within a few minutes. 


VI. Procaine and Continuous Massage for Ten 
Minutes 


Because it was thought that procaine might 
be more effective in stopping ventricular fibril- 
lation and restoring a competent ventricular 
contraction if myocardial anoxia were pre- 
vented, a series of experiments was conducted 
in which cardiac massage was continued for 10 
minutes after the injection of procaine into the 
ventricles. Under such circumstances, a dose of 
50 mg. of procaine hydrochloride per kilogram 
of body weight immediately slowed the fibril- 
lation from a rate of 500 to 650 to a rate of 
250 to 300 per minute, and the fibrillation be- 
came slower and coarser. However, it persisted 
continuously in three of the five dogs; in the 
other two dogs there was a brief period of ven- 
tricular standstill lasting 30 and 60 seconds, 
one and one-half minutes after the injection of 
procaine. These episodes of ventricular stand- 
still were followed by the resumption of ven- 
tricular fibrillation on continuing cardiac mas- 
sage. After 10 minutes of massage, ventricular 
fibrillation was stopped with the electrical coun- 
tershock in all five dogs and regular sinus 
rhythm with coordinated ventricular beats was 
resumed. One-half hour after the initiation of 
fibrillation, that is, 20 minutes after fibrillation 
had been stopped by countershock, the mean 
arterial blood pressures in the five dogs were 
60, 75, 20, 40 and 20 mm. Hg, respectively, 
their control blood pressures being 135, 110, 
120, 80 and 105 mm. Hg, respectively. In an- 
other five dogs, a dose of 20 mg. of procaine 
per kilogram and continuous massage for 10 
minutes, resulted in a gradual slowing of the 
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‘ibrillation from a rate of 600 to 700 to a rate 
if 300 to 400 per minute, but fibrillation per- 
sted in all five dogs. After the 10 minute 
yeriod of massage, massage-countershock re- 
sulted in the resumption of regular sinus 
hythm. In three dogs the blood pressure rose to 
i70 to 180 mm. Hg and was still 75 to 85 mm. 
Ig 30 minutes later. In the other two dogs, 
he bleod pressure rose only slightly when fibril- 
ation was stopped and fell to around 40 mm. 
f mercury within 5 minutes. 


VII. Epinephrine and Countershock after Five 
Minutes of Fibrillation 


It has been reported in previous paragraphs 
ihat, when electrical countershock was applied 
after fibrillation had been allowed to evolve 
spontaneously for approximately five minutes, 
electrical countershock still stopped ventricular 
fibrillation, but the effect of the ischemia due 
to the five-minute period of fibrillation was 
such that the ventricular contractions, although 
coordinated, were ineffective in raising the 
aortic blood pressure, and the intracardiac con- 
duction (atrioventricular and intraventricular) 
as well as the rhythmicity of the ventricles 
was much depressed. Cardiac massage under 
such circumstances was shown to improve the 
dynamics of the ventricles as well as the intra- 
cardiac conduction and the rhythmicity of the 
ventricles. However, when, under the circum- 
stances of these experiments, massage was ap- 
plied to ventricles beating weakly but in a 
coordinated manner, it frequently resulted in 
the inception of ventricular fibrillation. It was 
thought of interest to investigate whether, by 
injecting epinephrine into the ventricular cavity 
just prior to applying the electrical counter- 
shock, it might not be possible to avoid massage 
and thereby the return of ventricular fibrillation 
and yet to obtain immediately upon stopping fi- 
brillation with the electrical countershock coor- 
dinated ventricular contractions strong enough 
and frequent enough to restore an adequate cir- 
‘ulation without any appreciable latent period. 
For this purpose ventricular fibrillation was 
induced electrically in 10 dogs. In 3 of these 10 
dogs 0.05 mg. of epinephrine. per kilogram of 
body weight was injected, half of the amount in 
each ventricular cavity after five minutes of 


fibrillation. In the other seven dogs, 0.01 mg. 
of epinephrine per kilogram of weight was simi- 
larly injected after five minutes of fibrillation. 
The total amount of the drug given was dis- 
solved in 1 ce. of a 0.9 per cent sodium chloride 
solution. After the injection of epinephrine into 
the ventricles, the ventricles were massaged 10 
times over a 30-second period; then electrical 
countershock was applied. 

The first one of the three dogs which received 
0.05 mg. of epinephrine per kilogram of body 
weight had a control blood pressure of 110 mm. 
Hg. After five minutes of ventricular fibrilla- 
tion, epinephrine was administered; then ven- 
tricular fibrillation was promptly stopped by 
electrical countershock and a coordinated ven- 
tricular contraction immediately supervened. 
However, within a few seconds spontaneous 
ventricular fibrillation recurred. It was stopped 
immediately by countershock and an effective 
coordinated ventricular beat immediately fol- 
lowed the termination of fibrillation. After a 
period of 2 minutes and 10 seconds during 
which an effective ventricular contraction per- 
sisted and the blood pressure rose above 160 
mm. Hg, ventricular fibrillation again recurred 
spontaneously. It was stopped by countershock 
and immediately followed by effective ventricu- 
lar beats, the blood pressure rising above 160 
mm. Hg, but after 20 seconds, ventricular fibril- 
lation recurred once more. It was stopped again 
promptly by countershock and immediately 
followed by effective ventricular beats, the 
blood pressure rising above 160 mm. Hg. The 
blood pressure was 170, 90, 100, 120, 115, and 
100 mm. Hg 10, 15, 20, 30, 45, and 60 minutes, 
respectively, after the induction of ventricular 
fibrillation. Twenty minutes after the inception 
of the initial ventricular fibrillation, the electro- 
cardiogram was similar to the control tracing. 
The second of the three dogs which received 
0.05 mg. of epinephrine per kilogram of weight 
reacted essentially in a similar manner except 
for the important fact that ventricular fibrilla- 
tion recurred spontaneously only once 30 sec- 
onds after it had been stopped. In the third 
and last dog of this series, 10 electrical counter- 
shocks over a period of 45 seconds had to be 
applied before ventricular fibrillation was 
stopped. Fibrillation was then followed by ven- 
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tricular standstill, then by weak ventricular 
contractions. The blood pressure remained 
around 10 mm. Hg for about two minutes, then 
it rose as high as 230 mm. Hg, i.e. 70 mm. Hg 
above the control blood pressure. It then de- 
creased and was 170, 115, 115, 120 and 140 mm. 
Hg 10, 20, 30, 40 and 60 minutes, respectively, 
after the inception of the initial bout of ven- 
tricular fibrillation. Because of the frequent 
recurrence of ventricular fibrillation in these 
three dogs, similar experiments were conducted 
with a smaller dose of epinephrine. 

In seven dogs, ventricular fibrillation once 
induced was allowed to evolve for five minutes, 
at which time 0.01 mg. of epinephrine per 
kilogram of body weight was injected into the 
ventricles. The ventricles were then massaged 
10 times and electrical countershock applied. 
In two of these seven dogs, although ventricu- 
lar fibrillation was stopped by the counter- 
shock, 10 and 19 countershocks were necessary. 
The ventricular beats never were strong enough 
to raise the arterial blood pressure significantly. 
In the other five dogs, ventricular fibrillation 
was stopped by the countershock, but, within 
a few seconds to two and one-half minutes 
after the first countershock, it recurred once in 
four of the five dogs and twice in the fifth dog. 
Every time countershock was used successfully 
to stop ventricular fibrillation. After fibrillation 
was stopped, the blood pressure rose above its 
control level then decreased progressively. In 
these five dogs the control mean arterial blood 
pressures were 180, 180, 130, 115 and 150 mm. 
Hg, and one hour after the initiation of fibrilla- 
tion pressures had progressively decreased to 
120, 140, 85, 80 and 110 mm. Hg. 

Discussion 

From our observations as well as those of 
others,'-* it is clear that electrical countershock 
when applied to the ventricles of dogs which 
have been fibrillating for about 30 seconds was 
very effective in stopping electrically induced 
ventricular fibrillation. A few seconds after the 
termination of ventricular fibrillation, regular 
sinus rhythm was resumed, this being some- 
times preceded by an episode of atrial fibrilla- 
tion induced by the countershock. The mean 
arterial blood pressure promptly rose above 


control, then progressively decreased to ap- 
proximately its control level. It might then 
progressively decline over the next hour; this 
might occur even without a period of ventricu- 
lar fibrillation in dogs with open chest. The 
electrocardiogram returned to its control form 
soon after the ventricular fibrillation had been 
stopped. If the ventricles were allowed to fibril- 
late for five minutes, fibrillation was seen on 
direct observation of the heart to become 
coarser and slower and the electrocardiographic 
tracing revealed that the rate of the fibrillation 
became progressively slower. Electrical coun- 
tershock applied after five minutes of fibrilla- 
tion still stopped fibrillation, but the myocar- 
dium had been so damaged during this five 
minute period of fibrillation that atrioventricu- 
lar block and temporary ventricular standstill 
were observed. The ventricular contractions 
remained ineffective in raising the arterial blood 
pressure, and the heart progressively dete- 
riorated further as previously observed by Dow 
and Wiggers.® Manual massage of the ventricles 
alone was never observed to stop ventricular 
fibrillation, which is in agreement with the 
findings of Stearns, Maison and Stutzman.’ 
However it ensured a good enough coronary 
circulation to prevent the fibrillatory process 
from deteriorating from the early fine, fast type 
to the late, coarse and slow type, and it even 
made the late type revert to the early type. 
When, after the ventricles had been allowed to 
fibrillate for five minutes, the ventricles were 
massaged for 30 seconds, cardiac massage of 
even such a short duration changed the char- 
acter of the fibrillation. The fibrillation which 
had become of the late type, slow and coarse, 
by the end of the five minute period of fibrilla- 
tion reverted to the early type, fine and rapid. 
Electrical countershock applied after five and 
one-half minutes of fibrillation, cardiac massage 
being applied for the last 30 seconds, stopped 
fibrillation, but the ventricular contractions 
were weak and did not seem to improve. When 
it seemed probable that the ventricular con- 
traction would not improve but rather dete- 
riorate further, the ventricles were again mas- 
saged although it was realized that massage of 
the ventricles beating in a coordinated manner 
would probably induce ventricular arrhythmias 
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and possibly ventricular fibrillation.* Indeed, 
fibrillation was induced. It was then stopped 
with the electrical countershock. This counter- 
shock-massage-countershock maneuver was re- 
peated two to five times in each of the dogs of 
this series. During massage of the fibrillating 
ventricles, the ventricular mass which first felt 
very flabby to the massaging hand, rather sud- 
denly became strikingly much firmer. When 
the ventricles were noted to beat more vigor- 
ously and the arterial blood pressure began to 
rise after fibrillation had been stopped elec- 
trically, massage was not administered again. 
At this time the blood pressure rose above its 
control level in most of these dogs, but by the 
end of one hour it had fallen markedly in most 
dogs. It seems probable that one longer period 
of massage right after the five minutes of fibril- 
lation would have given the same or better 
results without the repeated use of counter- 
shock. 

This was confirmed to a certain extent by 
the observations made on a group of five dogs 
in which fibrillation was allowed to persist for 
9- to 18-minute periods during which the ven- 
tricles were massaged continuously except for 
interruptions of 30 seconds every one or two 
minutes to permit the recording of electrocar- 
diograms. At the end of the period of fibrilla- 
tion no massage was given for one and one- 
fourth to three minutes and in only one dog 
for four and three-fourths minutes. Then coun- 
tershock preceded by a last short period of 
massage restored regular sinus rhythm, vigor- 
ous ventricular contractions and a level of 
blood pressure within the control range except 
in the dog in which massage was interrupted 
for four and three-fourths minutes. In this last 
dog the blood pressure rose but remained 
slightly below control level. It is probable that, 
when the experimental conditions, especially 
‘he duration of the bout of ventricular fibrilla- 





*In our experience, massage of the ventricles 
contracting in a coordinated manner, administered as 
ar as possible during diastole, induced ventricular 
‘achyeardia lasting as long as the massage and very 
‘eldom ventricular fibrillation in normal hearts. In 
iearts which had been allowed to remain in ventricu- 
ar fibrillation for five minutes, after which fibrilla- 
ion had been stopped electrically, massage resulted 
n ventricular fibrillation in almost all cases. 


tion, were such that the arterial blood pressure 
was not restored to control level, the myocar- 
dial damage produced played a role, but it is 
no less probable that damage to other struc- 
tures such as the vasomotor center might have 
been an important determinant of the level to 
which the blood pressure was restored. In short 
it seemed that ventricular fibrillation, per se, 
did not produce any damage to the myocar- 
dium and/or other structures in the body and 
that complete recovery from ventricular fibril- 
lation was possible if fibrillation lasted only a 
few seconds, or if during longer periods of 
fibrillation an adequate supply of oxygenated 
blood to the heart and the whole body was 
maintained. As far as recovery of the heart 
was concerned, nothing seemed to be gained 
by trying to stop fibrillation before adequate 
massage of the ventricles had restored sufficient 
coronary blood supply for a long enough period. 
It must be added that when manual massage 
of the ventricles was applied, often large epi- 
cardial hemorrhages appeared after the blood 
pressure returned to or toward control level. 
No attempt was made to estimate either the 
depth of such hemorrhages or their effects on 
the dynamics of the heart. 

In our experiments epinephrine never stopped 
fibrillation although it modified the fibril- 
latory process very markedly. It was observed 
that epinephrine rendered the fibrillation much 
more rapid and fine and prevented the progres- 
sive slowing and coarsening of the fibrillation. 
Massage-countershock applied after periods of 
fibrillation ranging between 10 and 1614 min- 
utes from the beginning of the fibrillation 
stopped the fibrillation and restored coordi- 
nated, effective ventricular beats, but the 
arterial blood pressure, except in one experi- 
ment, fell rapidly. 

A dose of 200 mg. of procaine hydrochloride 
per kilogram of body weight stopped ventricu- 
lar fibrillation within a few seconds, but after 
fibrillation had been stopped, the ventricles re- 
mained in standstill or reverted to a slow type 
of ventricular fibrillation. Massage and mas- 
sage-epinephrine resulted in fibrillation. With 
doses of 100 and 150 mg. of procaine, similar 
results were observed, except that ventricular 
standstill occurred less frequently. In those 
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dogs in which standstill was not obtained, pro- 
caine slowed the fibrillation. A dose of 50 mg. 
of procaine slowed the fibrillation without stop- 
ping it in four out of six dogs. In the fifth dog, 
procaine stopped fibrillation seven minutes af- 
ter the initiation of fibrillation; the ventricles 
began to beat, the cardiac mechanism being 
sinus bradycardia with prolonged atrioventricu- 
lar conduction time and intraventricular block. 
Because the ventricular contractions were in- 
effective in raising the aortic pressure and did 
not seem to improve dynamically, the ven- 
tricles were massaged and ventricular fibrilla- 
tion resulted. Massage-countershock restored 
regular sinus rhythm, and with epinephrine 
the arterial blood pressure rose to a peak of 
220 mm. Hg. In the sixth dog, ventricular 
standstill followed the administration of pro- 
caine. It occurred seven minutes after the initia- 
tion of fibrillation. The standstill was followed 
by an idioventricular rhythm. Because of the 
weakness of the ventricular contractions, mas- 
sage was resorted to. The heart improved 
greatly and the blood pressure rose to a peak 
of 130 mm. Hg to decline to 70 mm. Hg by 
the end of one hour from the induction of 
fibrillation. With a dose of 20 mg. of procaine, 
fibrillation persisted but was made slower in 
three out of eight dogs. Massage-countershock 
restored coordinated beats, but the arterial 
blood pressure did not rise very markedly, or 
fell to very low levels within a few minutes. In 
the other five dogs, ventricular standstill oc- 
curred rather late, 6 to 14 minutes after the 
inception of fibrillation. One of these five dogs 
remained in ventricular standstill; massage in- 
duced ventricular fibrillation and countershock- 
massage restored an efficient ventricular beat, 
the arterial pressure rising to a peak of 120 
mm. Hg but declining rapidly. In the other 
four dogs, ventricular standstill was followed 
immediately by regular sinus rhythm or idio- 
ventricular rhythm. Because of the weakness 
of the ventricular contraction, massage was 
applied. It induced ventricular fibrillation. 
Massage-countershock restored regular sinus 
rhythm with adequate arterial blood pressure. 
The blood pressure was still 90 mm. Hg 45 to 
60 minutes after the inception of fibrillation; 
only in that dog in which fibrillation persisted 


for 14 minutes did the arterial blood pressure 
decline markedly within a few minutes. 

It seems from these experiments on the effect 
of procaine that the doses of procaine hydro- 
chloride which constituted a reliable means of 
stopping fibrillation were such that they de- 
pressed the rhythmicity of the heart so that 
the ventricles remained in standstill. Smaller 
doses of procaine did not seem a reliable means 
of stopping ventricular fibrillation because too 
many failures were encountered or because ven- 
tricular standstill occurred with a long latent 
period. Therefore, procaine alone seemed to be 
not too promising a means of stopping fibrilla- 
tion. When massage was administered after 
ventricular standstill had been induced by pro- 
caine or after the fibrillation had been made 
slower, ventricular fibrillation recurred or per- 
sisted. Massage-countershock was still effective 
in stopping fibrillation and restoring a normal 
cardiac mechanism. However, in most experi- 
ments the blood pressure did not rise, or if it 
did, it promptly declined to very low levels, 
although in a few dogs which had received 20 
mg. of procaine, massage-countershock resulted 
in the re-establishment of normal cardiac mech- 
anism and a fairly normal blood pressure. It 
is probable that massage-countershock alone 
would have given better results. With the hope 
of preventing myocardial anoxia, cardiac mas- 
sage was maintained after 20 or 50 mg. of pro- 
caine had been administered to 10 dogs, but 
this did not improve the results observed with 
procaine. There was no definite indication in 
these experiments that procaine rendered coun- 
tershock more effective in stopping ventricular 
fibrillation, although the possibility was not 
excluded by our experiments performed with 
hearts of relatively small size in which electrical 
countershock alone was eminently effective in 
stopping ventricular fibrillation. Our observa- 
tions essentially are in agreement with those of 
Kay® as well as those of Stearns, Maison and 
Stutzman,’ except for the fact that procaine 
alone stopped ventricular fibrillation more fre- 
quently in our series of experiments probably 
because heavier doses were used at least in 
some dogs. 

It is a little more difficult to evaluate the 
results obtained in those experiments in which 
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ventricular fibrillation was allowed to persist 
for five minutes, after which epinephrine (0.05 
or 0.01 mg. per kilogram of body weight) was 
injected into the ventricular cavities and 10 
massages of the ventricular mass given before 
electrical countershock was applied. Such doses 
of epinephrine did not prevent the electrical 
countershock from stopping ventricular fibril- 
lation. However, in three experiments numer- 
ous countershocks had to be given before ven- 
tricular fibrillation was stopped. Whether or not 
this was due to epinephrine cannot be deter- 
mined inasmuch as such a difficulty is occa- 
sionally encountered with hearts not under the 
influence of epinephrine. There seems to be 
little doubt that such doses of epinephrine 
given as has been described resulted in the 
immediate restoration of a strong and frequent 
ventricular beat without massage as soon as 
fibrillation had been stopped by countershock. 
It must be kept in mind, however, that the 
frequent recurrence of ventricular fibrillation 
in this series of experiments was a definite 
drawback. It was not attempted to determine 
whether doses of epinephrine sufficiently small 
not to cause a recurrence of ventricular fibrilla- 
tion would still be useful in restoring promptly 
the strength of the ventricular contraction. 


SUMMARY AND CONCLUSIONS 


The usefulness of electrical countershock, 
massage, synthetic l-epinephrine and procaine 
in stopping electrically-induced ventricular fi- 
brillation and restoring a competent ventricular 
contraction was studied in 75 dogs anesthetized 
with sodium pentobarbital. The following con- 
clusions were reached. 

1. Massage alone does not stop ventricular 
fibrillation although it prevents it from de- 
teriorating from the early fine, rapid type to 
the late slow, coarse type, or even makes it 
revert from the late to the early type. 

2. Epinephrine alone does not stop fibrilla- 
tion although it alters it to make the fibrilla- 
tory process become very fine and rapid. 

3. Electrical countershock is very effective 
in stopping ventricular fibrillation in its early 
stage as well as its late stage. It also stops 
fibrillation when the heart is under the influ- 
ence of procaine or epinephrine. When shock is 


applied after a relatively short period of fibril- 
lation of approximately 30 seconds, a coordi- 
nated and competent ventricular beat promptly 
supervenes after fibrillation has been stopped 
by the countershock, and the arterial blood 
pressure is restored to its control level. When 
applied after five minutes of fibrillation, coun- 
tershock stops fibrillation; a coordinated ven- 
tricular contraction is restored but it is incom- 
petent, which, together with probable damage 
to other structures than the myocardium, such 
as the vasomotor center, prevents the restora- 
tion of an adequate circulation. 

4. If the fibrillating ventricles are continu- 
ously massaged before the countershock used 
to stop fibrillation is applied, a coordinated 
competent ventricular contraction immediately 
follows the termination of fibrillation even when 
fibrillation is allowed to persist for as long as 
10 minutes and possibly longer. There seems to 
be no advantage in trying to stop with counter- 
shock a fibrillation which has lasted more than 
one to two minutes before massage has been 
administered for an adequate period of time. 
The reason is that, if countershock is pre- 
maturely used, only a weak ventricular beat 
will follow the termination of fibrillation. If 
massage is then resorted to in order to prevent 
further deterioration of the circulation, it will 
again induce fibrillation in such hearts, and a 
series of massage-countershock-massage ma- 
neuvers will have to be administered. 

5. Procaine slows the rate of the fibrillatory 
process or even stops fibrillation, depending 
upon the dose of the drug used. However, 
those doses of procaine, which constitute a 
reliable means of stopping fibrillation, depress, 
among other things, the rhythmicity of the 
heart to such an extent that after fibrillation 
has been stopped, long periods of ventricular 
standstill occur. Massage then applied induces 
fibrillation. 

6. If after a five minute period of fibrillation, 
epinephrine is administered prior to the coun- 
tershock, a competent ventricular contraction 
is resumed as soon as fibrillation has been 
stopped, and the blood pressure is restored to 
a level seen only when, under similar experi- 
mental conditions, a prolonged period of mas- 
sage precedes countershock. However, with the 
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doses of epinephrine studied, fibrillation recurs 


very frequently, which necessitates the re- 
peated use of the electrical countershock. 


SuMARIO EspaNou 


La eficacia del contrachoque eléctrico, ma- 
saje cardiaco, epinefrina y procaina en terminar 
la fibrilacién ventricular y restaurar contrac- 
ciones ventriculares eficientes en el perro anes- 
tesiado ha sido estudiada. Se encontré que el 
contrachoque es una medida confiable de termi- 
nar la fibrilacién. Sinembargo, debe de ser pre- 
cedido de masaje cardiaco si no es aplicado 
prontamente luego de la iniciacién de la fibrila- 
cién. La epinefrina ayuda a restaurar contrac- 
ciones ventriculares eficientes una vez la fibrila- 
cién haya sido terminada con contrachoque, 
pero aumenta la incidencia de la reaparicién de 
la fibrilacién. Las dosis de procaina que con- 
stituyen una medida confiable para la termina- 
cién de la fibrilacién deprimen el ritmo del 
corazon hasta tal extremo que la cesacién de la 
fibrilacién es seguida de prolongados intervalos 


de pausa cardiaca. 
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The Syndrome of Patent Ductus Arteriosus 
with Pulmonary Hypertension 


By Hersert Huuteren, M.D., ArtHuR SELZER, M.D., ANN Purpy, M.D., Emme Houtman, M.D., 
AND FRANK GERBODE, M.D. 


Eight cases of patent ductus arteriosus associated with marked pulmonary hypertension are 
presented with complete cardiac catheterization studies in six patients and autopsy studies in 
three cases. Four patients had clear evidence of a “reversed” shunt through the ductus, three pre- 
senting the clinical picture of cyanotic congenital heart disease. The authors discuss the nature of 
the increased resistance of the pulmonary vascular bed which is the basis of the circulatory 


changes in these cases. 


HE usual uncomplicated patent ductus 

arteriosus presents a fairly constant 

clinical picture with the following diag- 
nostic features usually present: (1) a continu- 
ous murmur in the pulmonic area; (2) an 
increased -pulse pressure; (3) an electrocardio- 
gram without evidence of right ventricular 
hypertrophy; (4) absence of cyanosis; (5) 
x-ray evidence of left ventricular dilatation 
with dilatation and active pulsation of the 
pulmonary arteries. 

In most instances an accurate diagnosis can 
be made by ordinary clinical methods of study 
and only rarely is cardiac catheterization or 
angiocardiography necessary.! Occasionally, 
however, these characteristic features may be 
absent and accurate diagnosis may then be 
more difficult. This may occur in infancy and 
more rarely in older children and adults. The 
absence of a continuous murmur in infancy 
may be physiologic and related to the decrease 
in the pressure gradient between the pul- 
monary artery and the aorta that is present 
at that time.?: * As the child becomes older the 
continuous character of the murmur usually 
appears and the correct diagnosis can then 
be made. Ziegler? has recently emphasized the 
diagnostic features of such cases. 
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In older children and adults an increasing 
number of instances of patent ductus arteriosus 
with an atypical clinical picture are being en- 
countered. Most of these cases have been in- 
stances of isolated patency of the ductus arte- 
riosus in which some or even all of the usual 
diagnostic features have been missing, the 
most common feature usually being the ab- 
sence of a continuous murmur. Studies made 
in some of these cases have demonstrated either 
marked elevation of pulmonary artery pressure 
or postmortem evidence of its presence in the 
form of marked right ventricular hypertrophy. 

The correct clinical recognition of this syn- 
drome is important, for it is possible that it 
may be more common than the few reported 
cases suggest. It is important also to study 
these patients carefully in order to investigate 
the nature of the increased pulmonary vascular 
resistance, for this may have broad implica- 
tions regarding vascular diseases of the pul- 
monary circulation in other conditions. 

For these reasons this report of eight cases 
of patent ductus arteriosus with pulmonary 
hypertension and atypical clinical manifesta- 
tions has been prepared. 


METHODS OF STUDY 


All cases were studied either on the wards of the 
Stanford Hospital (seven cases) or at the San Fran- 
cisco Hospital (one case). 

Cardiac catheterization studies were performed 
as described by Cournand.‘ Oxygen analyses were 
performed in a Van Slyke apparatus and single sam- 
ples analyzed in different machines agreed within 
0.2 volume per cent. Pressures were recorded by 
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means of a Hamilton manometer with a deflection 
of the light beam of approximately 3 em. for every 
50 mm. Hg. Mean pressures were determined by 
planimetric integration of the area under the pres- 
sure curve. All intracardiac pressures were measured, 
using the midpoint of the chest as the reference 
zero. In those cases in which oxygen consumption 
was not determined, a normal oxygen consumption 
was assumed, using corrections for the patient’s 
age and body surface area. Cardiac outputs, pul- 
monary blood flow and the flow through the ductus 
were calculated, using the Fick principle. In patients 
with a reversed shunt the approximate volume of 
the right to left shunt through the ductus was 
approximated in the following manner: It was 
assumed that 60 per cent of the peripheral blood 
flow goes to the lower portion of the body. That 
this is approximately correct is suggested by these 
facts: (1) The cross section area of the descending 
portion of the thoracic aorta immediately below the 
left subclavian artery is 55 per cent of the cross 
section area of the aorta just above the aortic valves, 
using 2.0 em. as the diameter of the descending 
aorta and 2.7 as the diameter of the aorta above 
the valves.® (2) Blalock’s® study of blood flow in the 
superior and inferior venae cavae gave a ratio of 60 
per cent of the venous return flowing through the 
inferior cava and 40 per cent flowing throuzh the 
superior vena cava, which is roughly comparable to 
these figures. (3) Studies of inferior vena caval and 
superior vena caval flows done in this laboratory, 
using the Fick principle, gave similar ratios.’ The 
left ventricular output was assumed to be equal to 
the total pulmonary blood flow. If 60 per cent of 
the left ventricular output enters the descending 
aorta and mixes with blood of a lower oxygen 
saturation coming through the ductus, the volume 
of this shunt through the ductus can be crudely 
calculated by the following general mixing formula: 


O2 content. 4 


_ Flowpa (Oz contentps) + flowpp (Oz contentpp) 
flows + flowpp 


The following abbreviations are used: AA equals 
abdominal aorta or that portion of the aorta distal 
to the orifice of the ductus. DA equals descending 
aorta or that portion of the thoracic aorta proximal 
to the orifice of the ductus but distal to the origin 
of the left subclavian artery. PD equals patent 
ductus. The vascular resistance of the pulmonary 
circulation was calculated according to the formula: 


p = PAm X 1.382 X 60 

PF 
R equals vascular resistance in dynes per centimeter® 
per second; PA,, equals mean pressure in the pul- 
monary artery in mm. Hg; PF equals pulmonary 
blood flow in liters per minute. Predicted resistances 


were obtained using normal mean pressures and 
blood flows* and corrected for body surface area. 
Kerosene perfusion of the lungs obtained at 
autopsy was performed in one case. The technic is 
similar to that used in previous studies of the 
coronary and renal vascular bed.’’ After rigor has 
disappeared the lungs are inflated in an air-tight 
chamber by a negative chamber pressure of 7 mm. 
Hg and repeated perfusions are performed at various 
pressures until duplicate measurements agree to 
within 5 per cent. After perfusion a lead carbonate 
and gelatin injection mass is forced into the pul- 
monary artery and roentgenograms are made. 


Case REPORTS 


Four cases exhibited varying degrees of 
cyanosis and polycythemia with evidence of 
a reversal of flow through the ductus. 


Case 1, J. J. This 16 year old schoolgirl entered 
the Stanford Hospital on June 19, 1948. At the age 
of 9 months, a heart murmur was noted. Easy 
fatigue and exertional dyspnea had been noted since 
childhood. Five months prior to entry dyspnea had 
become more severe, and one month prior to entry 
the patient developed intractable vomiting which 
subsided only after being placed in an oxygen tent. 
During the preceding 10 years she had experienced 
frequent attacks of “pneumonia” with cough, in- 
creased dyspnea and fever. 

Physical examination revealed a moderately 
dyspneic young girl with distinct cyanosis of the 
lips and nail beds. The blood pressure was 110/96. 
At the third intercostal space along the left sternal 
border a loud diastolic murmur and a diastolic thrill 
were noted. The second pulmonic sound was loud 
and a presystolic gallop was heard at the apex. A 
tender liver edge was felt 2 em. below the costal 
margin. There was distinct clubbing of the fingers. 

The erythrocytes were 6.1 million with 18.7 Gm. 
of hemoglobin and the packed cell volume was 65 
per cent. The blood urea was 80 mg. per 100 ml. 
and the arm-to-tongue circulation time (‘%echolin) 
was 34 seconds. The venous pressure was 15 em. of 
saline above the midchest. The electrocardiogram 
(fig. 1) revealed a right axis deviation, tall P waves 
in leads II and III and a deep S wave in lead CR. 
A phonocardiogram (fig. 2) revealed a split first 
sound, a presystolic gallop and a prominent diastolic 
murmur along the left sternal border. X-ray films 
of the heart and lungs (fig. 3) revealed enlargement 
of the right ventricle and a marked prominence of 
the pulmonary artery and its branches. Digitalis 
was given without producing improvement and the 
patient became more dyspneic, finally comatose and 
died on the thirteenth hospital day. 

The pertinent autopsy findings were confined to 
the heart and lungs. The heart was grossly enlarged 
and weighed 400 Gm. The right ventricle was 





HULTGREN, SELZER, PURDY, HOLMAN AND GERBODE 


ee tt 


@ 
Hy 
i 
Aa 

EY 
i 
hi 


Fic. 1. Electrocardiograms from all patients. The upper four tracings from patients demonstrating 
right to left shunts show pattern of right ventricular hypertrophy. 


hypertrophied and dilated and its myocardium 
measured 5 mm. in thickness compared with that of 
the left ventricle which measured 9 mm. in thick- 
ness..\When both ventricles were dissected away 


from the septum the right ventricle weighed 167 
Gm. and the left 78 Gm. The pulmonary artery 
was dilated and its wall was as thick as the wall of 
the aorta. A patent ductus arteriosus measuring 8 








18 PATENT DUCTUS ARTERIOSUS 
mm. in diameter and 4 mm. in length connected 
the aorta and pulmonary artery (fig. 4). The fora- 
men ovale was closed and the interventricular 
septum was intact. The smaller branches of the 
pulmonary artery were thickened and stood out 
prominently from the cut surface of the lung. The 
lungs weighed 450 Gm. together and they appeared 
normal. 
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media was composed largely of collagenous tissue. 
The other organs were not remarkable. 

Both lungs perfused with kerosene. A marked 
decrease in perfusibility was observed, amounting 
to less than one tenth that of the perfusibility of 
normal lungs. During perfusion of the pulmonary 
artery backflow of kerosene through the bronchial 
arteries was noted. These arteries were 1 to 2 mm. 
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Fic. 2. PaonocarJiograms with simultaneous electrocardiograms on six patients showing murmurs. 


Microscopically many of the smaller branches of 
the pulmonary artery were occluded by thrombi, 
some of which were recent and showed beginning 
organization as manifested by invasion of fibroblasts. 
Other thrombi were recanalized so that two or more 
distinct endothelial lined lumina were present, some 
of which contained red cells (fig. 5). Many small 
arteries and arterioles had a conspicuous thickening 
of the media and the elastica interna. There was no 
evidence of arteritis and the lung tissue appeared 
normal. The aorta adjacent to the ductus was 
normal. The intima of the ductus was thickened 
and a definite elastica interna was present. The 


in outside diameter at their origins. After perfusion 
the pulmonary arterial tree of one lung was injected, 
roentgenograms were made and compared with a 
normal lung similarly treated (fig. 4). In contrast to 
the fine, branching vascular pattern of the normal 
lung the patient’s lung revealed an obliteration of 
the finer terminal branches, the injection mass end- 
ing abruptly in vessels approximately 1 mm. in 
diameter. A few fine long vessels were seen which 
paralleled the main branches and which may have 
been bronchial collateral vessels filled by retrograde 
injection. 
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Case 2, G. F. This 34 year old white American 
housewife entered Stanford Hospital on May 15, 
1950. Cyanosis had been noted by the parents at 
the age of two. Her activity had been moderately 
restricted in school because of exertional dyspnea 
and weakness. Fluoroscopic examination at 24 be- 
cause of a cough revealed cardiac enlargement. Her 
exercise tolerance had been good and she had been 


and split. No murmurs were heard. The femoral 
pulses were easily felt. There was no clubbing of the 
fingers but distinct clubbing of the toes was present. 

The erythrocytes were 8.0 million with 24 Gm. of 
hemoglobin and the packed cell volume was 65 per 
cent The vital capacity was 3.7 liters and the 
venous pressure was 8.5 cm. of saline above the 
midpoint of the chest. The arm-to-lung circulation 


Fic. 3. Anteroposterior roentgenograms of chests showing enlargement of pulmonary arteries. Left 
anterior oblique view of patient E. B. indicates moderate degree of left ventricular enlargement. 


able to do all her own housework and outdoor work 
on a ranch as well. 

Physical examination revealed a well developed 
woman with a diffuse dusky cyanosis of the mucous 
membranes. The blood pressure in the right arm 
was 100/70. A slight bulge of the rib cage was pres- 
ent over the precordium to the left of the sternum. 
The second pulmonic sound was moderately loud 


time (ether) was 11.5 seconds and the arm-to-tongue 
circulation time (Decholin) was 21 seconds. The 
electrocardiogram (fig. 1) revealed changes com- 
patible with right ventricular hypertrophy. X-ray 
films of the chest (fig. 3) revealed enlargement of 
the right ventricle with prominence of the pulmo- 
nary conus. The lung fields were clear. An angio- 
cardiogram using 30 cc. of 75 per cent Neoiopax 
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Fig. 4. A. Patient J. J. Artist’s drawing of gross specimen. 


B. X-ray photograph of portion of normal lung above and a similar portion of lung from patient 
J. J. below. The pulmonary artery has been injected with a radio-opaque medium. 

C. Patient V.M. Autopsy specimen of heart showing location of ductus. Note marked hypertrophy 
of right ventricle. 

D. Patient D. P. Looking down at the cut ends of the pulmonary artery (below) and the aorta 
(above) showing probe in the ductus. Note dilatation and atherosclerosis of pulmonary artery. 
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evealed prompt opacification of the right ventricle, 
ulmonary artery and descending aorta. Some of 
he contrast media was also seen in the arch of the 
orta as well. The results of the cardiac catheteriza- 
ion studies are indicated in table 1A. 

In May 1951, the patient re-entered the hospital 
yr additional studies. There had been no change in 
ymptoms, physical examination or x-ray examina- 
ion. The erythrocytes were 7.2 million, the hemo- 
lobin 22.3 Gm. and the packed cell volume was 
‘5 per cent. Under local anesthesia Cournand needles 
vere inserted into the left femoral and left brachial 
rteries and blood samples were withdrawn at rest 
ind immediately after exercise with the results indi- 
ated in table 1B. 

Comment. The evidence of arterial unsaturation 
in the lower extremities, clubbing of the toes but 
not of the fingers and marked polycythemia clearly 
establishes the diagnosis of a patent ductus arterio- 
sus with pulmonary hypertension and a right to left 
shunt. The striking clinical feature was the absence 
of any detectable heart murmur although the pul- 
monic second sound was clearly accentuated. 


Case 3, J. W. This 31 year old white Canadian 
bus driver entered the Stanford Hospital on April 
23, 1951. During childhood his parents had noted 
that he became dyspneic easily. A faint heart mur- 
mur was first noted at 20 years in a routine examina- 
tion. His e ercise capacity had been only slightly 
impaired and he had worked as a laborer for many 
years. During the past six months he had noted 
more dyspnea, occasional attacks of precordial pain 
and cyanosis of the lips occurring on exertion. 

Physical examination revealed a muscular man 
with moderate erythema of the lips. The blood 
pressure in the right arm was 120/80. A diffuse 
precordial heave was palpable and the second pul- 
monic sound was loud and split. At the fourth 
intercostal space along the left sternal border there 
was a grade II, well localized systolic murmur. A 
nontender liver edge was felt at the costal margin. 
There was slight but distinct clubbing and erythema 
of the tips of fingers and toes. 

The hemoglobin was 21 Gm. and the packed 
cell volume 64 per cent. The electrocardiogram 
(fig. 1) revealed changes compatible with right 
ventricular hypertrophy. X-ray films (fig. 3) re- 
vealed right ventricular enlargement with prom- 
‘nence of the pulmonary artery. There was no evi- 
lence of left ventricular enlargement. A phono- 
ardiogram (fig. 2) revealed a split first sound (1), 
in auricular sound (a) and a grade II systolic 
murmur (SM). On April 23, 1951, cardiac catheteriza- 
ion studies were performed and the results are 
ummarized in table 2. Four hours after the pro- 
edure a sample of femoral artery blood was removed 

rr oxygen analyses. 

Comment. It is of interest that distinct clubbing of 

ith fingers and toes was present despite the dis- 


tinct difference in oxygen saturations between 
brachial and femoral arteries. The very low oxygen 
content of femoral artery blood ee a very 
large right to left shunt. 


Case 4, C. P. This 21 year . old white dation 
student entered the hospital on Feb. 19, 1952. At 
the age of 5 years a heart murmur was detected 
during a routine examination. Since that time 
cyanosis of the lips and extremities had been noted 
during exertion and in cold weather. Exercise 
capacity had always been moderately limited and 
severe exertion produced weakness of the legs and 
dyspnea. There was no history of hemoptyses, squat- 
ting or symptoms of heart failure. 

Physical examination revealed a thin boy with 
distinct erythema .of the cheeks, lips and tips of 
fingers and toes. The neck veins were not distended. 
The blood pressure in the right arm was 110/80 
mm. Hg. There was a slight bulge of the precordium 
along the left sternal border. The second pulmonic 
sound was loud and accompanied by a faintly 
palpable shock. In the fifth intercostal space along 
the left sternal border a grade III blowing murmur 
filled systole. At the pulmonic area a somewhat 
fainter systolic murmur was present which became 
loudest just before the second sound. The femoral 
and pedal pulses were easily felt. There was no club- 
bing of the digits. 

The hemoglobin was 22.7 Gm. and the packed 
cell volume varied from 67 to 69 per cent. The 
electrocardiogram (fig. 1) revealed changes com- 
patible with right ventricular hypertrophy. X-ray 
films (fig. 3) revealed right ventricular enlargement 
and moderate prominence of the pulmonary arteries 
which did not show diminished pulsations. A phono- 
cardiogram (fig. 2) confirmed the presence of the 
murmurs noted clinically. On March 14, 1952, 
cardiac catheterization studies were performed with 
the results indicated in table 3. Angiocardiography 
was performed, using 35 cc. of Neoiopax. Slow filling 
of the right ventricle and pulmonary vessels occurred 
and the aorta and ductus arteriosus were not visual- 
ized. 

Comment. The difference in oxygen content be- 
tween the brachial and femoral arteries clearly indi- 
cates the presence of a reversed shunt through the 
ductus. 





Four cases exhibited no evidence of a right 
to left shunt through the ductus but had an 
atypical clinical picture with marked pul- 
monary hypertension. 


Case 5, V. M. This 7 year old white American 
child from the San Joaquin Valley entered the 
hospital on Jan. 9, 1950. At the age of 2 monthis a 
persistent cough appeared and a heart murmur was 
heard. X-ray films revealed cardiac enlargement. 
Since infancy the child became tired easily and 





/ 
& 


eee: : 

Fic. 5 A. Patient V. M. Small pulmonary artery at upper left with marked luminal narrowing 
due to intimal proliferation and medial hypertrophy. Tubercle of coccidioidomycosis below with 
adjacent lymphocytic infiltration. Hematoxylin and eosin X 112. 

B. Patient V. M. Acute pulmonary arteritis with destruction and infiltration of arterial wall by 
polymorphonuclear leukocytes. H. and E. X 48. 

C. Patient V. M. Occlusion of small pulmonary artery by fibrous tissue containing scattered poly- 
morphonuclear leukocytes. Surrounding inflammatory process still present. H. and E. X 48. 

D. Patient V. M. Occlusion of small pulmonary artery by fibrous tissue with recanalization by 
small endothelial lined lumina containing erythrocytes. H. and E. X 48. 

E. Patient V. M. Recanalization of fibrous occlusion of small pulmonary artery. Van Gieson X 112. 
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lyspnea was evident on mild exertion. Bilateral 
congenital cataracts were repaired surgically at 2 
‘ears. Seven months before entry a fever of 104 F. 
leveloped and lasted for 12 days. X-ray films re- 
‘ealed a small area of density in the posterior por- 
ion of the left upper lobe. 


TABLE 1.—Findings on Catheterization in Case 2 


‘ Oz Content 
Location | ec./100 cc. and 
| % Saturation 


Pressure 

mm. Hg 

s/d/mean 
- | 

A | 

RN on aah wees | 27.0 


ONS rosa ce swan | 20.1 
Ay MOUW6. 6850858 | 18.6 
Upper tt. at......5.- 19.3 
Oe RE ee: ee 18.8 
ee 19.2 
Low rt. vent......... | - $Ova 
Deb Ph. WORE... 0cs 19.2 102/4 
High rt. vent......... 19.3 
20.1 
20.9 104/64/72 
20.5 
. art. 
26.3 (93) 
Exercise 25.7 (91) 
Oz cap | 28.3 
B 
Lt. br. art. 
OS USER ere 
Exercise 
Left fem. art. 
OE ee ere | 24.7 (84) 
Exercise........... 20.9 (71) 
Oz cad 29.6 


88/56/74 


26.8 (91) 
25.7 (87) 


Abbreviations: V.C. = vena cava. At. = atrium. 
Vent. = ventricle. P.A. = pulmonary artery. Br. = 
brachial. Fem. = femoral. 


Physical examination revealed a thin, pale, stoop- 
shouldered little girl with bilateral, repaired cata- 
racts. There was moderate kyphosis of the dorsal 
spine and a prominent bulge of the rib cage over 
the left precordium. The blood pressure in the right 
arm was 100/60. There was a prominent precordial 
heave. The second pulmonic sound was very loud 
and it was followed by a harsh diastolic murmur 
heard along the left sternal border. A loud systolic 
murmur was present over the pulmonic area. There 


was a moderate systolic pulsation of the neck 
vessels but no venous distention. There was no 
clubbing of the digits. 


TaBLE 2.—Findings on Catheterization in Case 3 
O2 Content 


cc./100 cc. and 
% Saturation 


Pressure 
mm. Hg 
s/d/mean 


Location 


MME A oe a ese aie ae | 18.9 
EMM s voces sexcenns| SORe 
BS OPS. 5 50.555: 0 19.3 
OS a) | | 18.4 8/0 
Low rt. vent 18.0 
Pgh rt. Vents. ....< 5065 <. 17.8 
Eon. 

eds. Fae 19.1 | 130/82/106 
11.5 168/106/137 
24.2 (86) | 


134/12 


Rt. br. art: West)... ..... 
Left. hr. art. 
WR Gos. o afore Sos eee 
WMS odie Beer scse 
Fem. art.* (rest)........ 


25.5 (91) | 128/76/9 
24.9 (89) | 171/96 
17.2 (61) 

28.1 


*Sample obtained four hours after cardiac 
catheterization. 
Abbreviations as in table 1. 


TABLE 3.—Findings on Catheterization in Case 4 


Oz Content 
cc./100 cc. and 
% Saturation 


Pressure 
mm, Hg 
s/d/mean 


Location 


OR 
BD WiOs. oe osc feces cawiare 
Big: Wes We. cs ole 
Se ee ee 
Low rt. vent 

High rt. vent........... 
Main P.A 


134/10 
127/64/100 


Br. art. (rest) ....63..<<: 
Fem. art. (rest)........ 


110/80 
110/66/84 


The hemoglobin was 14.0 Gm. and the packed 
cell volume was 40 per cent. The electrocardiogram 
(fig. 1) revealed changes which were compatible 


F. Patient J. J. Small pulmonary arteries containing recanalized organized thrombi. 
G. Patient D. P. Small pulmonary artery showing fibrous intimal thickening with moderate 
luminal narrowing. The surrounding lung tissue shows dense erythrocytic infiltration of the alveoli. 


H. and E. X 112. 


H. Patient D. P. Section through wall of main pulmonary artery. Note marked thickening of 
intima (top) with typical atheroma formation. A tiny fibrous scar is present in the outer portion 
of the media. The adventitia (bottom) is normal. Van Gieson X 48. 

I. Patient E. B. Pulmonary arteriole showing obliteration of lumen by cellular fibrous tissue 
and recanalization by prominent endothelial lined spaces containing erythrocytes. 
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with right ventricular hypertrophy. X-ray films (fig. 
3) revealed cardiac enlargement involving largely 
the right ventricle and prominence of the pulmonary 
arteries with moderate pulmonary congestion. 
Exaggerated pulsations of the pulmonary arteries 
were noted during fluoroscopy. A 3 em. irregular 
density was present in the second left intercostal 
space. Phonocardiograms (fig. 2) confirmed the 
presence of the murmurs noted clinically. An angio- 
sardiogram, using 75 per cent Diodrast, revealed an 
enlarged right ventricle, dilated pulmonary arteries 
and possibly late recirculation of the contrast 
material through the pulmonary vessels. Cardiac 
catheterization studies were performed on Jan. 11, 
1950, using Avertin and local anesthesia. The 
results are summarized in table 4. 

On July 29, 1950, the child was admitted to the 
Childrens Hospital of San Francisco. Three weeks 


TABLE 4.—Findings on Catheterization in Case 5 


i Oz Content 
Location cc./100 cc. and 
% Saturation 


Pressure 
mm. Hg 
s/d/mean 


DEO eS cite naan be 11.8 

OW inoseesgs cas cces 8.8 

BW PERV. «503556: 10.3 

Upper Tb. Wb. ..6.6. 65: 11.3 

| Sr 10.4 

OE oe | ee 10.0 

Eow rt.. vent 10.9 

pasa. Pt. went........<. 10.8 80/8 
Upper rt. vent 10.9 
Me Ais oe sank a eos 12.1 
EI WRCPR aso oa rsa a ns 12.3 
Fem. art. start 14.6 (93) 
Fem. art. end......... 14.0 (89) 
Oz cap 15.8 


80/40/62 
114/56/83 
134/62/95 


prior to entry she had developed a nonproductive 
cough, and fever and edema of the feet had been 
noted. Physical examination revealed a heart rate 
of 128 per minute, a blood pressure of 110/80 and 
a rectal temperature of 37.4. There was distention 
of the neck veins, moist rales throughout both lung 
fields, enlargement of the liver and moderate 
peripheral and sacral edema. Despite the prompt 
administration of digitoxin and oxygen, the child 
died 12 hours after entry. 

The principal findings of the autopsy examination 
were related to the heart and lungs. The heart was 
greatly enlarged due to dilatation and hypertrophy 
of both ventricles (fig. 4). The right ventricular 
myocardium measured 7 mm. in thickness and 
the left ventricular myocardium 12 mm. The pul- 
monary valve leaflets were fused at the commissures 
and the free edges were smooth but thickened and 
retracted so as to produce an insufficiency without 
stenosis. The pulmonary artery was enlarged and 


its wall was as thick as that of the aorta. The pul- 
monary artery measured 5.7 em. in circumference 
just above the valve and the aorta 4 cm. in circum- 
ference at a comparable level. All of the branches of 
the pulmonary artery were thick walled and dilated 
and their cut ends protruded rigidly from the cut 
surface of the lungs. No emboli or thrombi were 
noted in any of the branches. At a point 1 cm. 
beyond the bifurcation of the left pulmonary artery 
the opening of a short but widely patent ductus 
arteriosus was present; the ductus measured 3 mm. 
long and 4.5 mm. in diameter after formalin fixation. 
No vegetations were present in or near either end 
of the ductus. The foramen ovale was functionally 
closed but admitted a 1 mm. probe. The ventricular 
septum was intact. No intracardiac thrombi were 
noted. 

One hundred and fifty cubic centimeters of clear 
fluid were present in the right pleural cavity. In the 
upper lobe of the left lung a pale, firm 4 by 6 em. 
area of gray-white tissue was present. It was ad- 
herent to the parietal pericardium at one point and 
in the center of the area was a single, hard, white 
15 mm. nodule which contained no calcium. Nu- 
merous small 1 to 2 mm. pale nodules were scattered 
around the periphery of the large mass of tissue. No 
nodules were present in the left lower lobe or in the 
right lung. The mediastinal lymph nodes on the left 
were moderately enlarged but did not appear ab- 
normal externally or after incision. The abdominal 
organs were moderately congested but otherwise 
normal. 

Sections of the left lung revealed numerous small 
tubercles, some of which had fused into granuloma- 
tous masses in which numerous, multinucleated 
giant cells of the Langhans variety were present 
(fig. 5). In oceasional giant cells small double con- 
toured spherules characteristic of coccidiomycosis 
were present. No tubercles were present in the right 
lung. The smaller branches of the pulmonary 
artery, throughout both lungs, measuring from 0.1 
mm. to 2 mm. in diameter, revealed a diffuse arteritis 
consisting in occasional areas of an infiltration of all 
layers of the vessel wall with polymorphonuclear 
leukocytes, obliteration of the lumen by thrombosis 
and destruction of the wall. Eosinophils were scarce. 
Other areas revealed an apparently healed arteritis 
without evidence of acute inflammation but with 
fibrous scarring of a disrupted vessel wall and sec- 
ondary recanalization of a well organized luminal 
thrombus. The arteritis was not related to the 
granuloma since it involved the vessels of both 
lungs and no tubercles or giant cells were present in 
the arterial lesions. Smaller arterioles revealed con- 
centric intimal thickening with luminal narrowing 
or obliteration and occasional prominent medial 
deposits of hyaline material. The pulmonary valve 
was composed of dense acellular fibrous tissue in 
which no lymphocytes or blood vessels were seen. 

Comment. The very prominent diastolic murmur 
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was probably related to the deformity of the pul- 
monic valve as well as to the high pressure in the 
pulmonary artery. The etiology of the valve de- 
formity is unknown. No other valves were deformed 
and no sears were found in the heart, hence it was 
probably not of rheumatic origin. A congenital 
deformity seems most likely. 


Case 6, W. H. This 4 year old white American 
child entered the hospital on May 25, 1949. Cyanosis 
was noted during the first weeks of life when oxygen 
was required frequently and “blue spells” with con- 
vulsions occurred during feedings. A heart murmur 
and thrill were noted at the age of 1 week. Develop- 
ment, however, was subsequently normal. Exercise 
capacity was moderately limited. 

Physical examination revealed a thin boy with a 
blood pressure of 95/35. There was no venous dis- 
tention but marked pulsations of the carotid vessels 
were noted and a distinct thrill was felt during 
systole in the suprasternal notch. There was a 
moderate anterior bulge of the chest wall over the 
left precordium. The heart was enlarged to the right 
and left. The second pulmonic sound was loud. A 
rough, grade IV systolic murmur was present over 
the entire precordium and heard along the carotid 
and brachial arteries as well. The murmur was ac- 
companied by a prominent thrill. At the apex a short, 
faint mid-diastolice murmur was present. There was 
no clubbing of the digits and the femoral arteries 
were easily felt. 

The hemoglobin was 11.7 Gm. and the packed 
cell volume 34 per cent. The arm-to-lip circulation 
time (fluorescein) was 10 seconds. The electro- 
cardiogram was thought to be compatible with 
cardiac hypertrophy, probably involving both ven- 
tricles. X-ray films (fig. 3) revealed enlargement of 
both right and left ventricles with a prominence of 
the pulmonary arteries and moderate pulmonary 
congestion. Oblique views revealed moderate en- 
largement of the left auricle. Phonocardiograms 
(fig. 2) revealed a loud murmur filling systole and 
no evidence of a diastolic murmur. Angiocardio- 
grams, using 20 ec. of 75 per cent Diodrast, revealed 
no evidence of an overriding aorta, apparent recir- 
culation of the contrast media in the pulmonary 
tery after its appearance in the aorta and the 
presence of a small “ductus diverticulum’’ directed 
anteriorly from the first part of the descending 
iorta. On May 31, 1949, cardiac catheterization 
studies were performed under Pentothal anesthesia. 
\ number 6 cardiac catheter was guided without 
difficulty into the right ventricle, pulmonary artery 
ind through a patent ductus into the descending 
iorta. The essential findings are summarized in 
table 5. On March 27, 1951, cardiac catheterization 
vas repeated by Dr. Sidney Sobin with essentially 
imilar results, the catheter again passing from the 
uulmonary artery through the ductus and into the 
iorta. 

Subsequently at operation a large patent ductus 


was ligated and divided. A follow-up report obtained 
through the courtesy of Dr. Louis Martin indicated 
that there has been marked clinical improvement 
but that a somewhat less intense systolic murmur is 
still present at the fourth intercostal space along the 
left sternal border. 

Comment. This patient possibly also had an inter- 
ventricular septal defect as evidenced by: (a) 
catheterization studies indicating a rise of 0.8 
volume per cent in oxygen from right auricle (aver- 
age oxygen 8.8) to right ventricle; (b) the persistence 
of the loud precordial systolic murmur and thrill 
after ligation and division of the ductus. 


Case 7, E. B. This 33 year old white American 
housewife entered the hospital on March 25, 1952. 
Her mother had developed rubella during the third 
or fourth month of pregnancy. A heart murmur was 
first noted at the age of two years. Growth was slow 


TaBLE 5.—Findings on Catheterization in Case 6 
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and the patient had always been slender and under 
normal weight. She had developed frequent bouts of 
pneumonia as a child and also had pneumonia and 
a prolonged convalescence following a cesarean sec- 
tion at the age of 27. In the past two years she had 
noted slight exertional dyspnea. 

Physical examination revealed a thin woman 
with a blood pressure on several occasions varying 
from 135/65 to 150/80. There was an accentuation 
of visible carotid pulsations in the neck. A distinct 
bulge of the rib cage over the left precordium was 
noted. There was a prominent heave to the left of 
the sternum, and at the second intercostal space 
along the left sternal border a systolic thrill and a 
palpable pulmonic shock was present. A loud grade 
IV systolic murmur was present along the left 
sternal border and in midsystole a prominent click 
was noted which was louder during expiration. The 
second pulmonic sound was accentuated and fol- 
lowed by a high pitched, faint, blowing diastolic 
murmur heard only just beneath the pulmonic area. 





26 PATENT DUCTUS ARTERIOSUS WITH PULMONARY HYPERTENSION 


The hemoglobin was 13 Gm. and the packed cell 
volume was 40 per cent. The electrocardiogram 
(fig. 1) showed changes compatible with both left 
and right ventricular hypertrophy. A phonocardio- 
gram (fig. 2) confirmed the presence of the murmurs 
and sounds noted clinically. X-ray studies, including 
fluoroscopy, revealed enlargement of both right and 
left ventricles, a normal sized aorta and prominence 
of the pulmonary arteries which pulsated vigorously 
(fig. 3). On March 27, 1952, cardiac catheterization 
studies were performed with the results indicated in 
table 6. 


TaBLE 6.—Findings on Catheterization in Case 7 
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On May 15, 1952, surgery was performed and a 
large patent ductus 1.5 em. long and 1.6 em. in 
outside diameter was found connecting the aorta 
and the left pulmonary artery near the origin from 
he main pulmonary artery. 

The following mean pressure measurements were 
recorded: 


1. Ductus open 
Aorta 73 mm. Hg 
Pulmonary artery 65 mm. Hg 
2 Ductus closed 
Aorta 83 mm. Hg 
Pulmonary artery 55 mm. Hg 


The ductus was clamped, divided and the ends 
were sutured with silk. The patient’s convalescence 
was uneventful and she left the hospital on the 
tenth postoperative day. At that time her blood 
pressure was 160/80 and a rough grade III systolic 
murmur was present at the third intercostal space 
along the left sternal border with accentuation of 
the pulmonic second sound. No diastolic murmur 
was heard. A lung biopsy was made during surgery. 
Histologic examination revealed one small artery, 
the lumen of which was nearly filled with a mass of 
connective tissue in which there were several irregu- 
lar endothelial-lined spaces containing a few red 
blood cells. The appearance suggested thrombosis 
with recanalization (fig. 5). 

On June 24, 1952, the patient was again studied 
in the hospital. She had noted no dyspnea or orthop- 
nea since her operation and was doing all her house- 
work and shopping without symptoms. Physical 
examination revealed only a faint grade I systolic 
murmur over the pulmonic area and only moderate 
accentuation of the pulmonic second sound. The 
systolic click noted prior to surgery was no longer 
audible. The blood pressure was 120/80. The elec- 
trocardiogram was unchanged but x-ray films re- 
vealed a distinct decrease in heart size and in the 
degree of pulmonary congestion. Cardiac catheter- 
ization studies were performed with the results 
summarized in table 6. 

Comment. The catheterization studies indicated 
the presence of a fairly large left to right shunt 
through a patent ductus, pulmonary hypertension 
and probably a small right to left shunt through the 
ductus in part of the cardiac cycle as evidenced by 
a lower oxygen saturation in the femoral artery than 
in the brachial artery. Exercise did not increase the 
magnitude of this ‘reversed shunt.” Because of this 
fact and also because of the large magnitude of the 
left to right shunt, operation was advised in the hope 
that a decrease in the total pulmonary flow would 
result in a lowering of the pulmonary artery pres- 
sure. That this occurred is indicated in the table. 
However the pulmonary vascular resistance is still 
elevated above normal, probably due to vascular 
occlusions of the type encountered in the lung 
biopsy. Whether these will regress in the course of 
time remains to be seen. The rise in femoral artery 
diastolic pressure following surgery is striking and 
emphasizes the importance of a low diastolic pres- 
sure as an indication of a patent ductus with a left 
to right shunt. 


Case 8, D. P. This 48 year old white American 
cook and laborer entered the San Francisco Hospital 
for the first time on Dec. 22, 1941. At the age of 7, 
a heart murmur was heard. In subsequent years he 
was told he had an enlarged heart and a “leaky 
valve.” In December 1941, following a period of 
overwork, he developed severe dyspnea, orthopnea, 
palpitation, weakness and a sharp, non-radiating 
precordial pain of 24 hours duration and entered 
the hospital. 
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Physical examination revealed a dyspneic, orthop- 
neic man whose blood pressure varied from 142/64 
to 136/70. The neck veins were distended and there 
was a distinct bulge of the rib cage over the left 
precordium. There was a visibly exaggerated pulsa- 
tion of the carotid arteries. The chest was of an 
emphysematous contour and many moist rales were 
present at the bases. A diffuse precordial heave was 
easily felt and a loud systolic murmur was heard 
over the entire precordium, being loudest at the 
apex. Following a loud second pulmonic sound, a 
faint blowing diastolic murmur was heard along the 
left sternal border. 

The erythrocytes were 4.9 million and the hemo- 
globin 15.8 Gm. The packed cell volume was 43 per 
cent. The Wassermann and Mazzini tests for syphilis 
were negative. An electrocardiogram (fig. 1) revealed 
diphasic T waves and depressed S-T segments in the 
limb leads, a prominent S wave in lead I and a 
diphasic T wave with a depressed S-T segment in 
CRy. X-ray films (fig. 3) and fluoroscopy revealed a 
prominent ‘‘hilar dance,” moderate enlargement of 
the right ventricle and pulmonary arteries and 
prominent pulmonary vascular shadows. The patient 
improved and was discharged a month after entry. 

Eighteen months after leaving the hospital he 
noted the presence of tarry and bloody stools for 
two weeks and entered obviously anemic and in 
congestive failure again. The erythrocytes were 2.0 
million and the hemoglobin was 6.9 Gm. Auricular 
fibrillation was present. A gastrointestinal x-ray 
study including a barium enema was not remark- 
able. Despite careful therapy his congestive failure 
became more severe and he expired five months 
after entry. 

Autopsy revealed a large heart weighing 660 Gm. 
and marked hypertrophy of the right ventricle. 
When dissected free of the septum the right ventricle 
weighed 250 Gm. and the left ventricle 200 Gm. 
The right ventricular myocardium was 14 mm. 
thick and the left ventricular myocardium was 12 
mm. thick. The leaflets of the aortic valve were 
thickened and fused at their margins up to 1 em. 
from the base of the lesfiets. A moderate amount of 
calcium was present in the thickened valves but 
there was no appreciable narrowing of the valve 
orifice. The pulmonary artery was dilated and its 
wall was equal in thickness to the wall of the aorta. 
Both the pulmonary artery and the aorta contained 
numerous longitudinal intimal striae and wrinkles 
strongly suggestive of syphilis and there were fre- 
quent calcified plaques measuring up to 2 cm. in 
diameter. The dilatation and thickening of the pul- 
monary artery extended out into the finer branches. 
No emboli or thrombi were seen. About 2 cm. above 
the aortic valve ring and on the inferior aspect of 
the arch of the aorta opposite the origin of the left 
subclavian artery was a patent ductus arteriosus 
opening into the left main branch of the pulmonary 
artery just beyond its origin. The ductus was 1 cm. 
in diameter and the edges were smooth. Since the 


walls of the aorta and pulmonary artery were closely 
approximated at this point the ductus was very 
short (fig. 4). No other congenital anomalies were 
noted. The atrial and ventricular septa were intact. 
The right lung weighed 860 Gm. and the left lung 
560 Gm. Both lungs were markedly congested in the 
basal portions and readily oozed fluid upon com- 
pression. No infarcts were seen. The liver weighed 
1560 Gm. and the appearance of the cut surface was 
suggestive of passive congestion. The remainder of 
the examination was not remarkable. 

Microscopic examination of the lungs revealed an 
extensive bronchopneumonia and pulmonary conges- 
tion with edema. The larger branches of the pulmo- 
nary artery adjacent to the aortic-pulmonary 
communication were markedly thickened by medial 
hypertrophy and intimal fibrosis with atheroma 
formation (fig. 5). Several discrete scars were present 
in which the medial elastic tissue was replaced by 
collagenous tissue containing small blood vessels. 
These scars were similar to those also found in the 
media of the aorta. Occasional small focal collections 
of lymphocytes were present in the adventitia. The 
smaller branches of the pulmonary artery, and par- 
ticularly the arterioles, showed a striking narrowing 
of their lumina by concentric intimal fibrous pro- 
liferation and reduplication of the elastic layers 
(fig. 5). No evidence of arteritis or thrombosis with 
recanalization was seen. Sections of thoracic aorta 
revealed intimal thickening with atheroma forma- 
tion, vascular fibrous tissue scars and rare focal 
collections of lymphocytes in the adventitia. Sec- 
tions of the right ventricle revealed hypertrophy of 
myocardial fibers and a moderate amount of fibrous 
tissue diffusely distributed throughout the muscle 
fibers in somewhat long strands but occasionally near 
vessels in fairly dense masses. 

Similar scars were also present in sections of the 
left ventricle. Sections of liver showed central con- 
gestion and thinning of central hepatic cell cords 
with some areas of central necrosis. 

Comment. The ductus in this case was very short, 
the wall of the aorta and pulmonary artery being 
closely approximated at that point. The gross and 
histologic evidence of syphilis in the aorta and pul- 
monary artery must be evaluated. The ductus was 
probably not a perforated aortic aneurysm since it 
was in the usual location for a ductus and no ductal 
remnant was found elsewhere. Further enlargement 
of the orifice could have been caused by syphilis. 
There was no histologic evidence that the narrowing 
of the smaller arterioles was syphilitic in origin. The 
aortic stenosis was mild and probably produced 
little functional disturbance. 


DISCUSSION 


The occasional association of an isolated 
patent ductus arteriosus with marked right 
ventricular hypertrophy and an atypical clini- 
cal picture has been noted previously. In 1924 
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Holman" discussed the problem and presented 
16 cases he had collected from the literature in 
which right ventricular hypertrophy was 
present. He pointed out the possibility of a 
right to left shunt occurring through the ductus 
and in six of his collected cases there appeared 
to be clear postmortem evidence that such 
reversal of flow had been present during life. 
Since then several reports of similar cases have 
appeared.!?-!8 (case D. 18 None of these cases, 
however, exhibited any clear evidence of a 
reversal of flow through the ductus. In 1944 
Chapman and Robbins®® reported in detail 
the case of a 37 year old taxi driver who ex- 
hibited chronic cyanosis, polycythemia with 
a packed cell volume varying from 60 to 74 
per cent, right axis deviation in the electro- 
‘ardiogram, right ventricular and pulmonary 
artery enlargement by x-ray study and an 
inconstant pulmonary diastolic murmur. The 
arterial oxygen saturation was 75 per cent. Al- 
though not stated in the report, the deter- 
mination was probably on a femoral arterial 
sample. Autopsy revealed a huge right ven- 
tricle, enlargement and grossly visible arterio- 
sclerosis of the pulmonary artery and a very 
short ductus 1.2 cm. in diameter. Histologic 
studies revealed luminal narrowing of the 
smaller pulmonary vessels which were sugges- 
tive of recanalization of vascular thrombi.”° 
(figs. 3,4, 5and 6) Five subsequent reports?!-5 
have been made of cases in which a right-to- 
left shunt through the ductus was present but 
complete physiologic data are available in 
only one report® and in that instance the 
magnitude of the shunt was small. 

It is possible that the number of patients 
reported in the past do not give a true picture 
of the actual incidence of these cases, which 
may be relatively high. Dammann and Sell! 
encountered 15 cases at the John Hopkins 
Hospital, all of which came to surgery in one 
year. The examination of reports of large 
numbers of patients studied by cardiac cathe- 
terization reveals several instances of marked 
pulmonary hypertension associated with pa- 
tency of the ductus arteriosus.!: 76 27, 98. 3 Tt 
is possible also that many cases, particularly 
those with reversal of blood flow, are unrecog- 
nized and are erroneously diagnosed as cases 


of Eisenmenger’s sy ndrome?® “ase 61), % atrial 
septal defects with pulmonary hypertension 
and primary pulmonary hypertension. The 
eight cases reported in this paper were seen in 
the space of four years in a hospital where, 
during the same period of time, six cases of 
Eisenmenger’s syndrome were found so that 
the incidence of these two conditions may be 
comparable. For these reasons it is important 
to examine the clinical manifestations of this 
syndrome so that its correct recognition can 
be made more frequently. 


Clinical Features 


Symptoms. The most frequent symptom 
noted by all patients was the presence of 
dyspnea on exertion. This was not associated 
with orthopnea or nocturnal dyspnea except in 
terminal heart failure. In addition four patients 
noted a sensation of abnormal weakness or 
fatigue on exertion described in one instance 
as “a feeling as if my legs were going to fold 
up under me.” Three patients complained of 
attacks of substernal pain made worse by exer- 
tion and two patients noted episodes of vomit- 
ing or nausea. 

Physical Findings. In none of these cases 
was the typical continuous murmur of a patent 
ductus present nor was there any evidence that 
it had been present in the past. In all patients 
the pulmonic second sound was loud and at 
times accompanied by a palpable shock. In 
four patients a blowing diastolic murmur was 
present along the left sternal border which was 
probably a Graham Steele murmur. In one 
case (J. J.) the murmur was very loud and 
accompanied by a palpable thrill. In four cases 
a loud systolic murmur was present over the 
pulmonic area and in three of these cases the 
murmur was accompanied by a palpable thrill. 
It is of interest that one patient (G. F.) had no 
audible murmurs and that one patient (J. W.) 
had only a grade II systolic murmur along the 
left sternal border. 

In the four patients with right to left shunts 
the arterial blood pressure was normal with a 
decreased pulse pressure in one case (100/96, 
100/70, 120/80, 110/80). No abnormal carotid 
artery pulsations were noted. In contrast, in the 
four patients with predominant left to right 
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-hunts, the pulse pressure was distinctly in- 

-vreased (100/60, 95/35, 135/65, 142/64) and 
»rominent pulsations of the carotid arteries 
ere noted in the neck. 

X-ray examination revealed in every case a 
»rominence of the pulmonary artery and its 

ranches and enlargement of the right ventricle. 

increased pulmonary artery pulsations pro- 
‘ucing a “hilar dance” was noted in three of 
he noneyanotic cases and distinct x-ray 
evidence of left ventricular enlargement was 
present in two of these cases. 

Jach of the cyanotic and one of the non- 
-yanotic patients had electrocardiograms which 
were compatible with marked right ventricular 
hypertrophy. The other noncyanotic patients 
had electrocardiograms suggesting hypertrophy 
of both right and left ventricles. 

The catheterization findings are character- 
istic in the nonecyanotie cases and should 
clearly establish the correct diagnosis. In cases 
with a reversal of the shunt the diagnosis by 
cardiac catheterization may be more difficult. 
The difference in oxygen contents between 
the right ventricle and the pulmonary artery 
may be small. In the presence of a prominent 
degree of functional pulmonic insufficiency the 
oxygen content of blood samples removed 
from the outflow tract of the right ventricle 
may be high and incorrectly suggest the pres- 
ence of an interventricular septal defect. If, in 
addition, only femoral blood samples are ob- 
tained, the erroneous diagnosis of an Eisen- 
menger’s syndrome may be made. The simul- 
taneous withdrawal of samples from brachial 
and femoral arteries before and after exercise 
will prevent this error. 

It is of interest that angiocardiography in 
one cyanotic case (C. P.) failed to demonstrate 
the right to left shunt through the ductus 
which was clearly established by the arterial 
oxygen studies. The volume of the right to 
ieft shunt in this case was probably not large 
‘nough to enable the contrast media to be seen 
‘n the aorta. In G. F. contrast media was seen 
n the aorta but it was not sufficiently concen- 
‘rated to demonstrate the ductus. Apparently 
‘ontrast media may fill the aorta just proximal 
0 the point of insertion of the ductus and in 


the anterior-posterior projection falsely sug- 
gest the presence of an over-riding aorta.” 

Physiology and Pathology. In the usual pat- 
ent ductus there is a relatively large flow of 
blood from the aorta to the pulmonary artery 
ranging from 2 to 10 ‘liters per minute.**: *- 3 
This results in an increase of total pulmonary 
blood flow to levels of 6 to 15 liters per minute. 
In these cases there is either a normal or only 
moderately elevated pulmonary artery pres- 
sure, the degree of elevation being roughly 
related to the magnitude of the shunt. This 
capacity of tolerating even fairly large flows 
with only slight elevations in pressure is a 
characteristic of the pulmonary vascular bed 
and is due to its low resistance to flow. 

The most important common physiologic 
feature of the cases presented in this paper is 
the presence of a marked elevation of pul- 
monary artery pressure. This may be due to 
either an elevation of total pulmonary flow or 
to an increase in the pulmonary vascular re- 
sistance. Inspection of figure 6 reveals no 
relation between total pulmonary flow and 
pulmonary artery pressure in these cases. The 
noncyanotic cases had pulmonary flows no 
greater than those encountered in the usual 
patent ductus yet the pressures were markedly 
elevated. The cyanotic cases had the highest 
pulmonary artery pressure of the group with 
the lowest calculated pulmonary blood flows. 
The uncomplicated patent ductus had rela- 
tively normal pressures and demonstrated a 
roughly linear relationship between pulmonary 
flow and pressure. The ligation of the ductus in 
patient E. B., while it lowered moderately the 
pulmonary artery pressure by decreasing the 
total pulmonary flow, did not reduce the pe- 
ripheral resistance of the pulmonary vascular 
bed, and after surgery the pulmonary artery 
pressure was still abnormally high. This indi- 
cates that the major cause of the pulmonary 
hypertension is an increase in the vascular 
resistance of the lung. Calculation of the pul- 
monary peripheral resistances in these cases 
indicates that this increase is striking (table 7). 
Further confirmation of increased pulmonary 
vascular resistance was obtained by the data 
on postmortem studies in J. J. in which the 
kerosene perfusibility was greatly impaired 
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and the injected specimen revealed a striking 
obliteration of the smaller branches of the 
pulmonary artery. In addition histologic studies 
have revealed marked alterations in the struc- 
ture of the smaller pulmonary arteries which 
would obstruct easy flow of blood through 
these vessels. These data also suggest that this 
vascular narrowing is anatomic and probably 
largely irreversible instead of being functional 
and related to a sustained arterial hypertonus 
as has been postulated to exist in other varie- 
ties of pulmonary hypertension.*! 

It is important to examine briefly the cause 
of -this vascular narrowing. Four general 
possibilities exist: (1) It is the result of a pro- 
longed increase in total pulmonary blood flow 


lesions are not present in cases of the usual 
patent ductus** and in animals with experi- 
mentally produced aortic-pulmonary fistulae, 
no pulmonary hypertension appears even after 
several years of observation.*7 Recent reports 
of patency of the ductus arteriosus persistiny 
into old age have indicated no unusual degre» 
of pulmonary hypertension.*: * The lack of 
correlation between pulmonary blood flow and 
pulmonary artery pressure in the patients pre- 
sented in this paper is evident (fig. 6). 

The second possibility seems a good one sinc» 
it is clear that multiple pulmonary emboli cai 
cause pulmonary hypertension in the absence 
of congenital heart disease.*! Experimentally, 


pulmonary hypertension has been produced 


TABLE 7.—Oxygen Consumption, Blood Flow, Cardiac Output, Pulmonary Artery Pressure and Pulmonary 
Peripheral Resistance in the Six Patients 


Pulm. 
flow 
L./min. 


QO: cons. 
cc./min. 


Patient 
135 (¢)T 
222 (d)t 
326 (d) 
251 (d) 
os 110 (¢) 
]., rest : 269 (d) 
‘ , eX. ; 592 (d) 
{. B., Postop. rest... Z 180 (d) 
5. B., Postop. ex. i 40 295 (d) 


* PR = peripheral resistance. 
tc = O2 consumption calculated. 
td = O2 consumption determined. 


and represents a late complication of the usual 
patent ductus arteriosus. (2) It is the result of 
multiple pulmonary emboli probably of small 
size and occurring in repeated episodes or 
over long periods of time. (3) It is due to an 
antecedent acute pulmonary arteritis with 
subsequent healing and vascular occlusion. 
(4) It is due to the persistence of the high pul- 
monary vascular resistance of the fetus into 
postnatal life. 

The first possibility seems unlikely since in 
none of the cases presented was there a history 
of a continuous murmur being present at an 
earlier age and in one case, G. F., cyanosis, and 
presumably a right to left shunt, had early 
been present since infancy. Pulmonary vascular 


Ductus flow . 
L./min. RV 


output 
L./min. 


Pulm. PR* 
deter. 
dynes/ 
cm/sec. 


Pulm. 
PR prea 
dynes 
cm/sec. 


LV Mean 


> ce 
output F PA. 


L./min. mm. Hg 
62 1032 425 
72 1200 155 
78 670 190 
100 2290 161 
86 1405 160 
106 2295 140 
137 2810 140 
53 1086 190 
57 1012 190 


by intravenous injection of various substances 
such as seeds, spores, starch grains, amniotic 
fluid and finely divided thrombi obtained from 
the animal’s own  blood.*-**. Histologically 
an immediate acute arteritis appears with 
subsequent vascular thromboses and recanal- 
ization.” The lesions thus produced resemble 
very closely those encountered in cases of the 
variety reported in this paper as well as in 
numerous reported cases of “primary” pul- 
monary hypertension. The pulmonary vessels 
in cases D. P., E. B. and J. J. show histologic 
evidence of recanalization of organized intra- 
luminal thrombi which could have resulted 
from embolization. The same lesions are de- 
scribed or illustrated in several reports of 
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-imilar cases.'5: 2! 23, 4,25 The case reported 
y Campbell and Hudson* is of particular 
iterest since it appeared that a typical con- 
inuous murmur with a wide pulse pressure 
iad been present nine years previously and 
oth these features had disappeared at the 
ime of the study three weeks before death. It 
s a well known fact that pulmonary emboli 
nay occur without striking clinical manifesta- 
ions, especially if the embolus is small and the 
ings are not congested. Certain points, how- 
ever, are against this attractive theory. 
\utopsy studies in 13 cases, including reported 
‘ases and the three cases in this paper, have 
revealed only one instance of pulmonary in- 
‘aretion with a grossly demonstrable embolus, 
and that was of recent origin and occurred 
during terminal congestive failure. If multiple 
pulmonary embolization was the basis of the 
elevation of pulmonary arterial pressure, one 
would expect some history suggestive of such 
a process. Such a history is not present either 
in the eight cases in this paper or in the other 
reported cases. In several cases it is quite pos- 
sible that the pulmonary hypertension had 
been present since infancy, a period of life in 
which multiple pulmonary emboli would not 
seem likely to occur. The mere demonstration 
of recanalization of an organized intravascular 
thrombus does not establish the diagnosis of 
embolic vascular occlusion since the throm- 
bosis may be secondary to other processes 
such as inflammation, for example. 

It is possible that in some instances a pul- 
monary arteritis may be the initial lesion with 
thromboses and vascular alterations playing a 
secondary role. The presence of an acute arte- 
ritis in case V. M. supports this viewpoint and 
other cases have been reported with an acute 
inflammatory process limited to the branches 
of the pulmonary artery.‘7-°° Illustrations of 
the pulmonary vascular lesions in one report 
of a patent ductus with pulmonary hyperten- 
sion show what appears to be a healed arteritis, 
although this is not mentioned in the text.?!: 
‘*8> In many cases, however, the arteritis 
nay be the initial reaction to multiple emboli 
since this apparently occurred in the experi- 
mental studies of Muirhead and others,* or 


the arteritis may be caused by the elevation of 
intravascular pressure. 

Finally one has to consider the possibility 
that due to a maladjustment during the neo- 
natal period the equal resistances in the sys- 
temic and pulmonary circulations during fetal 
life persist into postnatal life. It is thought that 
under certain circumstances the physiologic 
fall in pulmonary vascular resistance which 
should take place after birth does not occur, 
and a persistent elevation of the pulmonary 
arterial pressure results from it, leading 
eventually to organic changes in the pulmonary 
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Fic. 6. Relationship between ‘total pulmonary 
blood flow and mean pulmonary artery pressure in 
patients with uncomplicated patent ductus and in 
the patients presented in this paper. Data for the 
uncomplicated ductus were obtained from patients 
studied in this laboratory as well as from three 
papers referred to in the text.» 34, 35 


vascular tree. Such a mechanism, initiated by 
as yet undetermined factors, has been postu- 
lated as a condition for survival in certain 
congenital malformations of the cardiovascular 
system, such as the Eisenmenger complex,*! 
the monoventricular trilocular heart® and the 
syndrome of patent ductus arteriosus with 
infantile coarctation of the aorta.** This mech- 
anism possibly operates in some cases of ‘‘pri- 
mary” pulmonary hypertension occurring in 
infancy*: © and could well be responsible for 
some or most cases of patent ductus arteriosus 
with pulmonary hypertension presented in 
this report. One could even suggest the possi- 
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bility that such pulmonary hypertension de- 
veloping early enough in neonatal life could 
interfere with the closure of the ductus and 
thus be the cause rather than the result of 
patency of the ductus arteriosus. 

The striking increase in pulmonary vascular 
resistance and pulmonary artery pressure is 
responsible for most of the clinical signs of 
these cases. The decrease in pressure gradient 
between the aorta and the pulmonary artery 
may extinguish the diastolic phase of the con- 
tinuous murmur and leave only a systolic 
murmur. In patients with more severe pul- 
monary hypertension both systolic and di- 
astolic pressures in the aorta and pulmonary 
artery become equal and no murmur at all 
may be present. 

When the pulmonary artery pressure reaches 
such levels, a right to left shunt may occur 
through the ductus, resulting in a reduced 
femoral arterial oxygen saturation. Exercise 
appears to increase the difference between the 
oxygen contents of arterial blood from the 
upper and lower extremities in the presence of 
a “reversed shunt” and this may be a useful 
diagnostic method in cases whose resting 
femoral arterial saturation is only questionably 
decreased. Whether the decrease in femoral 
arterial saturation occurring during exercise is 
due to an increase in the volume of the right to 
left shunt or to a fall in the oxygen content of 
pulmonary artery blood is not known, but it 
seems likely that both factors may be involved. 
In J. W., for example, exercise produced a fall 
of (19.1 to 11.5) 7.6 volumes per cent in the 
oxygen content of pulmonary artery blood. At 
the same time brachial arterial pressure rose 
from 128/76 to 171/86 while the pulmonary 
artery pressure rose from 130/82 to 168/106, 
resulting in only a slight increase in the pressure 
gradient from pulmonary artery to aorta (6 to 
10 mm. Hg), and that occurred during diastole 
only. Here the most important factor causing 
unsaturation of femoral artery blood during 
exercise appeared to be the fall in oxygen con- 
tent of mixed venous blood. Whether this 
occurs in the similar cases remains to be 
determined. 

The determination of the presence of a right 


to left shunt through the ductus is important 
because in the presence of such a shunt surgery 
appears to be contraindicated.” ** The ductus 
in such cases may be serving as a “safety 
valve” keeping pulmonary artery pressure 
from rising to excessive levels during exercise 
or the postoperative deaths that have occurred 
may be related to the acute pulmonary hyper 
tension resulting from a greatly hypertrophiec 
right ventricle pushing the entire cardiac out 
put through the narrowed pulmonary vascula” 
bed instead of a portion of the flow going 
through the ductus. It seems clear, however, 
that in the absence of any demonstrable re- 
versed shunt the ductus can be ligated in the 
presence of pulmonary hypertension, with 
gratifying results. The return to normal of an 
elevated pulmonary flow will lower the pul- 
monary artery pressure, reduce the work of 
the right and left ventricles and result in 
marked clinical im»rovement. Some pulmonary 
hypertension will remain, however, since the 
pulmonary vascular disease has not been 
affected, as illustrated by the postoperative 
values obtained in E. B. Whether further 
gradual improvement will occur remains to 
be determined. 


SUMMARY 


1. Eight cases of patent ductus arteriosus 
associated with pulmonary hypertension have 
been presented with clinical studies in all 
cases, cardiac catheterization studies in six 
cases and autopsy studies in three cases. 

2. Four of the patients had conclusive evi- 
dence of a right to left or “reversed” shunt 
through the ductus, and three of these cases 
presented the clinical picture of chronic 
cyanotic congenital heart disease. 

3. Four cases had no evidence of a right to 
left shunt but presented an atypical clinical 
picture with absence of the characteristic 
continuous murmur and evidence of enlarge- 
ment of the right ventricle in the electrocardio- 
gram and x-ray. Two of these cases were 
greatly improved following ligation of the 
ductus. 

4. This study suggests that the basis of this 
syndrome is an elevation of the anatomic re- 
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«stance of the pulmonary vascular bed with 
. resultant increase in pulmonary artery pres- 
-ure. The cause of this increased resistance is 
ot apparent, but thrombosis with recanaliza- 
‘ion, and in one instance a diffuse arteritis, has 
een demonstrated. Clinical evidence suggests 
‘hat in some cases the disease has been present 
ince birth. No evidence was found suggesting 
ihat it was the result of a prolonged elevation 
of pulmonary blood flow. 

5. It appears that surgery is indicated in 
those cases in which a right to left shunt is 
not present but that ligation may be dangerous 
or fatal in instances where a right to left or 
“reversed” shunt is present. 

6. The most important single diagnostic 
study which will detect the presence of a duc- 
tus with a reversed shunt consists of the deter- 
mination of the oxygen content of simulta- 
neously drawn blood samples from the right 
brachial and femoral artery at rest and during 
exercise. 

7. Cardiac catheterization is necessary to 
detect accurately the ‘atypical’ ductus with- 
out a right to left shunt, which may be erro- 


neously diagnosed clinically as an atrial septal 
defect with pulmonary hypertension or “‘pri- 
mary”? pulmonary hypertension. 
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SuMARIO EspaNou 


Ocho casos de conducto arterioso patente 
asociado con hipertensién pulmonar marcada 
‘on presentados con estudios completos de ca- 
‘erizaci6én cardiaca en seis pacientes y estudios 
de autopsia en tres. Cuatro pacientes tenian 
-videncia clara de una desviacién inversa a 
‘ravés del conducto, tres de ellos presentaban 
| cuadro clinico de enfermedad congénita cia- 
\Otica del corazén. Los autores discuten la 
aturaleza del aumento en resistencia de la red 
ascular pulmonar que es la base de los cambios 
irculatorios en estos casos. 
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Aging Processes in the Arterial and Venous 
Systems of the Lower Extremities 


By Morton D. Parerra, M.D., Frep P. HANDLER, M.D., AND 
HerMAN T. BLUMENTHAL, Puo.D., M.D. 


Wear and tear degenerative patterns of the arterial system of the lower extremities have been 
studied in an age series. The intensity of these alterations has been correlated with the distribution 
of the atheromatous plaques and thrombosis as well as with the effective tension at various levels as 
calculated by Burton’s formula. Evidence is presented for the concept that the lipids in atherom- 
atous plaques arise as a product of these degenerative reactions within the vessel wall, rather 
than by diffusion from the circulation through the endothelial barrier. 


N PREVIOUS reports we have defined 
aging processes in blood vessels as those 
alterations resulting from the effects of 

wear and tear factors which have been operat- 
ing over a relatively long period of time.'-6 
Specifically, these investigations have dealt 
with the comparative rates of degeneration, 
new formation and subsequent calcification of 
the elastic elements of arteries in various ana- 
tomic sites. In general, intimal plaques were 
observed to occur most frequently in those 
arteries in which these alterations were most 
marked along the internal elastic zone, and it 
was further pointed out that physical factors 
play an important role in the point of localiza- 
tion and rate of development of these plaques. 
Thus, the lower portion of the aorta and the 
coronary arteries show a relatively rapid de- 
velopment of aging processes and a high rate 
of occurrence of intimal plaques, while the 
hepatic and pulmonary arteries show athero- 
mata rarely and only a slow and mild progres- 
sion of elastic tissue calcification. Differences 
in the rate of development of these changes 
in elastic elements between Negro and white 
groups have been studied in comparable seg- 
ments of coronary, renal, splenic and pulmo- 
nary arteries, as well as various portions of 
the aorta. 
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Following upon the pioneer descriptive stud 
ies of the European founders of pathology, the | 
standard textbooks in this field continue to 9 
distinguish three forms of degenerative vascular 
alterations: atherosclerosis, which is stated to 
occur primarily in elastic arteries; Ménckeberg | 
sclerosis, which is believed to be principally a | 
disease of muscular arteries; and hyaline inti- 
mal proliferation, which is supposed to occur 
primarily in small arteries and arterioles.’~ 
It has become apparent from our previous 
studies that no such anatomic distinction can 
be made. While in young individuals there is a 
gradual diminution in the concentration of elas- 
tic elements in the medial coat of arteries with 
increasing order of branching from the aorta, 
these elastic elements are as capable of re- 
duplication, degeneration and calcification in 
any of these sites as in the aorta or its first 
order branches. Furthermore, lipids, from which 
the term “atherosclerosis” is derived, may be 
found in elastic arteries, muscular arteries, in- 
cluding those of the lower extremities,'® and 
small arteries and arterioles." 

That physical forces are important in the 
determination of the intensity of changes in the 
elastic elements became apparent when it was 
noted that “rock” and bone formation occur 
in such branches as the renal and splenic ar- 
teries. Similar changes have also been described 
in the coronary arteries of infants, probably :s 
a result of some disturbance in calcium me- 
tabolism.”-" The present investigations were 
undertaken in order to study the role of physi- 
cal forces in the determination of the intensity 
of changes in the elastic elements. It seemed 
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‘hat the vascular tree of the lower extremity 
ould lend itself well to such a study, since 
he elastic elements in young individuals are 

-harply defined, a variety of sizes of vessels 

-an be studied and readily measured, and the 

i:wagnitude of the physical forces exerted upon 
nem can be calculated. The present study, 
ke our previous studies, attempts to relate 

‘he frequency and site of plaque formation 
nd thrombosis to the distribution of elastic 

vlements and the intensity of their aging 
hanges. Observations were made on veins as 

-ell as arteries. 


MATERIAL AND METHOD 


The major arteries and veins were dissected out 
of 45 lower extremities; most of these were in 
extremities amputated at the midthigh region and 
in each of these a full complement of vessels, as 
designated below, was obtained. The entire length 
of the vessels was studied grossly for sites of throm- 
hotie occlusion. Thirty-six of the 45 limbs were 
amputated because of gangrene resulting from vas- 
cular occlusion on an arteriosclerotic basis; the 
youngest patient whose limb was studied was a 
diabetic, aged 47. Accordingly, the age of the 
latter case served as a division point between the 
group showing marked vascular sclerosis and a 
smaller group of nine younger individuals whose 
extremities were amputated because of tumor or 
trauma. The latter group was utilized in order to 
study the earlier aging changes. 

A full complement of arteries for histologic study 
consisted of a segment of the popliteal artery at a 
level of about 1 em. above the popliteal fold, a 
segment of anterior and posterior tibial arteries 
obtained 1 em. distal to the point of bifurcation 
from the popliteal artery, a second segment of each 
tibial artery about 1 em. above the malleolar line, a 
segment of dorsalis pedis artery about 3 cm. below 
the malleolar line, and a segment of digital artery 
(including skin) about 1 em. distal to the interdigital 
web. Specimens of gastrocnemius muscle were taken 
ior a study of its nutrient arteries. 

In the case of the popliteal and both tibial 
irteries transverse and longitudinal sections were 
~tudied. In most instances additional sections were 
iaken through plaques or thrombi, when such could 
ie found, between the amputation site and the 

ialleolar line. All specimens were fixed in formalde- 

vde solution diluted 1:10 with dehydrated alcohol 
nd processed as described in previous reports.!-§ One 

‘ction was stained with hematoxylin and eosin; an 

\jacent section was stained for elastic tissue by the 

\Veigert-Verhoeff method; a third section was micro- 
cinerated and studied by dark field illumination 
|r mineral distribution. 


In the course of these studies it became apparent 
that measurement of the internal diameter of vessels 
would appreciably aid in interpreting the results. 
Accordingly, such measurements were obtained from 
the lower extremities of six cadavers, all over 50 
years of age.* In no instance was there evidence of 
occlusive vascular disease as evidenced by throm- 
bosis of any of the vessels included in this series. 
From these data the internal hydrostatic pressures 
at various levels were calculated from the Laplace 
formula JT = P xX Ras developed by Burton,” where 
T represents the tension, P the blood pressure, R the 
radius of the artery. The height of the pressures 
thus determined was compared with the intensity of 
alterations in the elastic elements as well as the 
frequency of plaque formation and thrombosis. 


RESULTS 


Aging Changes in the Arteries of the Lower 

Extremities 

From our previous studies of other arteries, 
it is apparent that in the newborn the internal 
elastic lamella of all arteries lies against the 
endothelial lining. An examination of the lower 
extremity vessels in several stillborn infants re- 
sulted in the same finding. The external elastic 
lamella consists of several rows of thin, elon- 
gated elastic fibers. Microincinerated sections 
of all of these arteries showed only a nuclear 
distribution of calcium. 

Popliteal Artery. By the age of 20, changes 
from the above basic pattern are already ap- 
parent. A thin layer of collagen of irregular 
thickness separates the endothelium from the 
inner elastic zone. The latter consists of several 
parallel wavy fibers, from which finer filaments 
extend into the media as well as into the 
intimal layer of collagen; this is accompanied 
by deposits of calcium along these elastic ele- 
ments (fig. 1). With increasing age the sub- 
endothelial layer of collagen becomes progres- 
sively thicker and contains a greater number 
of elastic filaments; the latter appear to break 
down into shorter filaments and fine granules 
which take the elastic stain. Elastic tissue ex- 
tensions of similar character are also found in 
the media in progressively increasing amounts, 
and calcification in the media also becomes 
progressively more intense. As this process con- 





* We are indebted to Dr. W. F. Alexander of the 
Department of Anatomy, St. Louis University School 
of Medicine, for these measurements. 
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tinues there is a coalescence of elastic elements 
along the inner elastic zone as well as through 
the media. With increasing collagen deposition, 
or with organization of a thrombus (fig. 4), 
elastic elements may be replaced by ingrowths 
of fibroblasts. Finally, calcification may become 
so severe that bone formation results (fig. 3). 
Continuity of elastic elements with bone has 
usually been present in this study, the inner 
margin of bone usually being covered by the 
internal elastic zone which contains foci of in- 
tense calcification (fig. 2). 

Tibial Arteries. Both anterior and posterior 
tibial arteries show essentially the same pro- 
gression of aging changes as described above. 
In these arteries, as well as in the popliteal, 
typical atheromata can be found. These contain 
cholesterol slits surrounded by hyaline tissue 
and occasional giant cells and macrophages. 
As in the case of the aorta, plaques may become 
so large that pressure atrophy of the media 
ensues, with resulting disappearance of many 
elastic elements (fig. 5). With thrombosis and 
recanalization, a new inner elastic membrane 
frequently forms just beneath the new endo- 
thelial lining. This new internal elastica under- 
goes duplications, and wavy elastic fibrils ex- 
tend into the thick organizing fibroblastic layer. 
There is apparently no continuity between 
these newformed elastic elements and those in 
the original vessel wall. The vessel wall, how- 
ever, continues to show a thick subintimal 
layer rich in elastic elements; thickened, du- 
plicated elastic lamellae, and numerous frag- 
ments, filaments and granules of elastic mate- 
rial are scattered through the media. Many 
such arteries show “rock” formations extend- 
ing from the internal elastic zone to the ad- 
ventitia, and transitions from rock to bone 
formation are encountered more frequently in 
tibial than in popliteal arteries. The direct 
continuity of elastic tissue with these areas of 
rock formation is easily discernible. Calcifica- 
tion of elastic elements goes on in the vessel 
wall proper as well as in newly formed elastic 
tissue about the newly formed channels (fig. 3). 

Dorsalis Pedis Artery. The aging changes in 
this vessel are qualitatively similar to those 
described above, but progress at a much slower 
rate. Duplications of the internal elastic lamella 


are much less pronounced at about the age oj 
20 and there are fewer elastic filaments in the 
media. Subendothelial collagen deposition is 
also not as marked, but even in these, elastic 
filaments may be seen. Actual rock formation 
was encountered in only one subject, an indi- 
vidual 90 years of age (fig. 6). 

Digital and Muscular Arteries. Subendothelia! 
collagen deposition occurs quite late in vessels 
of the caliber encountered in muscle septa and 
in the digital vessels. Duplications of the in- 
ternal elastic lamella are seen very rarely, but 
fenestrations of the elastic membrane are fre- 
quent (fig. 7). The media only rarely shows fine 
elastic filaments. A thin line of calcium usually 
outlines the internal elastic membrane in in- 
cinerated preparations, but the media calcium 
remains nuclear in distribution in aged indi- 
viduals. 


Aging Changes in the Veins of the Lower Ex- 
tremities 


Observations were limited to the popliteal 
and tibial veins and, in general, the findings 
correspond to those described by Lev and Sa- 
phir.'® Endophlebohypertrophy, consisting of a 
proliferation of collagenous connective tissue 
and the appearance of fibrils of elastic staining 
material in the intima, appears even in speci- 
mens from young subjects; these veins also 
show collections of elastic fibrils between muscle 
fibrils in the media. An early deposition of 
-alcium along these elastic elements is observed 
in incinerated specimens. In older individuals 
there is disruption of the internal elastic lamella 
and of many elastic fibrils in the intima and 
media. Resulting from this there are fragments, 
filaments and granules of elastic staining mate- 
rial in both layers, accompanied by progres- 
sively increasing calcification of these elements. 
Phlebosclerotic plaques are numerous in veins 
of older individuals, and contain disrupted elas- 
tic elements and deposits of calcium (fig. 8). 
As we have noted in arteries, and as also ob- 
served by Lev and Saphir,'® elastic fibers are 
abruptly interrupted at the margins of areas 
of calcification. However, the use of incinerated 
sections has permitted the additional observa- 
tion that calcification first occurs along elastic 
elements, although the latter may subsequently 





Fig. 1. Popliteal artery; 21 year old male. Figure 1a illustrates the early duplication of the internal 
elastic lamella with fine granular elastic staining material between the two wavy fibers as well as 
between the upper fiber and the endothelial lining. Granular elastic material can be seen along the 
left half of the microphotograph deep in the media. Figure 1h shows calcification of the duplicated 
elastic lamella and of the media; some of the latter is not limited to elastic elements. (X 66) 

Fig. 2. Popliteal artery; 63 year old male. Both 2a and 2b show bone formation replacing the media. 
In 2a a thin elastic band courses along the inner surface of the bone, and elastic fibrils and granules 
are present in the intima. (Compare with fig. 3 which probably represents an earlier stage of this proc- 
ess.) Calcium ash corresponding to the elastic elements and the bone are present in 2b. (X 66) 

Fig. 3. Anterior tibial artery; 90 year old male. Figure 3a shows a recanalized thrombus with an 
elastic lamella about the newly formed lumen. This lamella shows duplications and some granulation. 
Elastic fibrils are also scattered through the fibrous tissue between the lumen and the original inner 
elastic zone. The black area at the bottom of the microphotograph is a mass of calcific material typical 
of Ménckeberg sclerosis, but its contiguity and continuity with elastic elements as well as its affinity 
for elastic stains indicates elastic extension into the media. Figure 3b shows deposition of white min- 
eral ash along the newly formed elastic elements as well as heavy calcific deposits in the media, the 
latter resulting in some tearing of the section. (X 66) 
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Fig. 4. Popliteal artery; 75 year old male. The media of this artery is in the lower left hand corner. 
It is composed of densely packed elastic elements similar to those seen in figure 3. The identity of the 
internal elastic lamella can be made out as a continuation of the inner margin of the media towards 
the right. This area was so heavily calcified in the incinerated specimen that fragmentation resulted in 
a complete loss of anatomic relationships. The intima is markedly thickened and composed of fibro- 
blasts in a basophilic matrix. Cholesterol slits are present in the lower right hand corner of the intima. 
A newly formed thin elastic lamella lies immediately beneath the endothelial lining. (X 66) 

Fig. 5. Anterior tibial artery; 70 year old male. A large atheromatous plaque has resulted in re- 
placement by fibrous tissue of intima as well as media, including elastic structures. Numerous cho- 
lesterol slits are present in the upper part of the photomicrograph. (X 66) 

Fig. 6. Dorsalis pedis artery; 90 year old male. Figure 6a shows marked thinning of the wall and 
several foci of calcification in continuity with elastic elements. Figure 6b shows dense white mineral 
ash particularly heavy in the zone corresponding to the black portion in 6a. Note lack of elastic ma- 
terial in a relatively thin intima. (X 66) 

Fig. 7. Digital artery; 69 year old male. The artery has a relatively ‘‘youthful’’ appearance 
despite the age of the patient. There is negligible intimal thickening and only slight fragmentation 
of elastic elements. (X 66) 

Fic. 8. Posterior tibial vein; 69 year old male. Note numerous elastic fragments, filaments and 
granules through all layers of the wall, as well as a plaque-like elevation of the intima. Incinerations 
of such specimens show extensive calcification. (X 66) 
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disappear either in a calcific mass or by replace- 
ment by collagenous connective tissue. 

Furthermore, we have been able to corrobo- 
rite the observation of Lev and Saphir'® that 
ai the point of contact of artery and vein no 
p.aque is formed, but rather they are found to 
the sides of indentations produced by such 
contact. Where artery and vein are contiguous 
however, there is a disruption of elastic ele- 
ments of the external lamellar zone and calci- 
fication of the media. 


The Relation of Hydrodynamic Stresses to Aging 
Changes in Blood Vessels 


Several interesting associations can be made 
from the data shown in table 1. Those arteries 


TaBLE 1.—Severity of Aging Changes as Related to 
Hydrostatic Tension 


Per cent with | 


Number of | 
Cases 
| Internal di- 


plaques 
| Per cent with || 
thrombi 
Average cal- | 
cification 
ameter* 
| Hydrostatic 
tensionst 


, dynes/ 


| = cm. 


| 
| 
| 
| 
| 


| | 
Popliteal | ¢ '3.4+/0.49|26, 480 
Tibials (combined) . .| 35 | 73 | 70 |2.7+/0.22|11,440 
Dorsalis Pedis | 29 | 31 | 32 [1.7+/0.14) 6,370 
Digital piece 0 \0.6+/0.04) 1,820 
Muscular 0 0.4+|0.02) 800 








* Figures obtained by measurements on _ ex- 
tremities of 16 cadavers. 

+ Caleuated from formula of Laplace, as applied 
by Burton'?: 7 (Tension) = P (Blood Pressure) X R 
(Radius of artery). 


which show the most intense calcification in in- 
cinerated sections also show the highest inci- 
dence of plaque formation. The most severe 
calcification was found in the popliteal artery, 
in which there was also the greatest frequency 
of plaque formation; in both instances this was 
followed by the tibial arteries and then the 
dursalis pedis artery. The digital arteries and 
the nutrient arteries of muscle showed less than 
| plus calcification even in aged individuals and 
n« plaques were observed in these vessels. This 
same order obtains when the hydrostatic ten- 
sion, as calculated by the formula of Burton,” 
is -ompared with the incidence of plaque forma- 
tion and with the intensity of calcification. On 
th: other hand, thrombi were most frequently 


found in one or the other tibial arteries despite 
the higher incidence of plaques, greater in- 
tensity of calcification and higher hydrostatic 
tension in the popliteal artery. 


DISCUSSION 


In his original study Ménckeberg'® described 
the changes in the wall of the arteries of the 
extremities as calcification which could occur 
independently of ‘atheromatous disease.”’ This 
view is still held by many present-day investi- 
gators. However, it has become increasingly 
clear as our investigations have progressed that 
calcification predominantly occurs in or along 
elastic fibers, and that the changes of this type 
along the internal elastic lamella constitute the 
earliest phase of plaque formation and form an 
integral part of the atheroma. The appearance 
of lipids is a late phenomenon, whether in the 
coronary artery, abdominal aorta, or the pop- 
liteal or tibial arteries of the lower extremities. 

Further evidence that these elastic tissue 
changes and the formation of atheromatous 
plaques are not independent phenomena lies in 
the fact that there is a close correlation in the 
degree of severity of these processes in a given 
artery. Calcification of elastic elements in the 
coronary artery of the Negro progresses more 
slowly than in white individuals, and the inci- 
dence of coronary artery atheromatosis and 
thrombosis in the Negro is considerably lower.® 
The elastic tissue changes progress extremely 
slowly in the pulmonary artery of both races, 
and it is well known that atheroma formation 
is a relatively rare phenomenon in the pulmo- 
nary arterial system.® Atheromata do appear 
in the arteries of this system when pulmonary 
hypertension, which leads to accelerated elastic 
tissue alteration and calcification, develops. 
Similarly, the frequency of atheroma formation 
can be closely correlated with the severity of 
elastic tissue calcification in the various seg- 
ments of the aorta, and in the splenic, hepatic 
and renal arteries.’ 4 

The changes described in the present investi- 
gations are qualitatively similar to those previ- 
ously described in other major arteries and 
differ only quantitatively. The increased se- 
verity can be accounted for in large part by 
the greater hydrostatic tension obtaining in 
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the popliteal and tibial arteries than in those 
occupying a more cephalad location in the up- 
right human. 

The reactions produced by hydrodynamic 
stresses may be most easily studied in vessels 
normally operating at relatively low pressures, 
such as veins and the pulmonary arterial tree. 
As Lev and Saphir'® have pointed out, the first 
reaction produced by stresses in veins is endo- 
phlebohypertrophy ; intimal hypertrophy is also 
the earliest reaction in the pulmonary arterial 
tree, where it normally occurs in the third or 
fourth decade as compared with the second 
decade in arteries operating under higher ten- 
sions. In both veins and arteries the continuous 
application of hydrodynamic stresses operating 
progressively with age results in a disruption of 
elastic elements and calcification. In vessels 
functioning at low pressures and relatively low 
hydrostatic tensions these elastic tissue changes 
progress slowly and lipid deposits either do not 
occur, or are observed only in very aged indi- 
viduals, while in arteries operating at higher 
pressures and hydrostatic tensions these 


changes occur with greater rapidity, and plaque 
formation, including the deposition of lipids, 


is observed with greater frequency. 

Hormonal factors may also play a part in 
these changes. Wells'® has pointed out that 
epinephrine is the most important of these. 
Repeated injections of epinephrine into ani- 
mals results in the appearance of a marked 
atheromatous degeneration of the aorta with 
calcification. This was first observed by Josué 
and later by Erb, Fischer, Gouget, Loeb and 
Githens and others." These changes resemble 
most closely those seen in the arteries of the 
extremities. They may not be due to the height- 
ened blood pressure, since simultaneous injec- 
tions of substances that depress the blood pres- 
sure do not prevent the atheroma from 
developing, while the injection of certain other 
substances that elevate blood pressure does 
not cause atheromata. On the other hand, the 
slow injection of epinephrine, regulated so that 
there is an increase in the blood content with- 
out significant rise in blood pressure, fails to 
produce arteriosclerosis.”° Thus, while the histo- 
logic changes produced in arteries by epineph- 
rine are well known, the mechanism inducing 
these changes remains unsolved. 


These investigations of vessel wall changes 
induced by epinephrine indicate that calcifica- 
tion appears predominantly in the elastic tissuc, 
but that there is also calcification of the de- 
generating smooth muscle of the media. We 
have observed and reported this calcification 
pattern in the splenic and renal arteries. It was 
also found present to some degree in the pop- 
liteal and tibial arteries in the present invest - 
gations; however, because of its unimportance 
in the formation of intimal plaques, considers - 
tion was not given to this finding in describing 
our results. 

It has become apparent in recent years that 
the opinion that atherosclerosis is a lesion solely 
of the elastic arteries is an erroneous one. 
Several investigators have observed a high inci- 
dence of atheromatous plaques in amputated 
lower extremities, and our results are in agree- 
ment. This being the case, one may wonder 
why thrombosis with ensuing gangrene is not 
as frequent in arteries of the lower extremities 
as in the cerebral and coronary arteries. That 
the incidence of gangrene in the lower extremity 
is much less than the incidence of cardiac or 
cerebral infarction could rest, in part, on the 
ability of the former to develop more effective 
collateral circulations. However, it is strikingly 
illustrated by our observations that the caliber 
of those vessels of the lower extremities which 
operate under high hydrostatic tension and 
show frequent atheromatous plaques is larger 
than that of the coronary or cerebral arteries. 
It would be expected that atheromatous 
plaques would be increasingly more conducive 
to thrombus formation as the vessel in which 
they resided became progressively smaller. Our 
observations indicate that whereas the magni- 
tude of atheromatosis in the arteries of the 
lower extremity diminishes progressively as the 
caliber of the vessels diminishes, it is in the 
tibial arteries that the highest incidence of 
thrombus formation appears. Thus it seems 
that the relation of vessel caliber and degree 
of atheromatous change is an important factor 
in thrombosis. Thrombosis is uncommon in the 
femoral artery where atheromatosis is marked | 
but vessel caliber relatively large, and in the 
digital artery where vessel caliber is relatively 
small but atheromatosis is minimal. The state- 
ment of Edwards" that ‘thrombosis of the 
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t:ial arteries does not usually lead to gangrene 
unless the popliteal artery is already occluded 
hy atheromata” is not supported by our ob- 
rvations. 


wt 


SUMMARY 


These investigations consist of a study of 
the arterial tree of 45 lower extremities, 36 of 
which were amputated for arteriosclerotic gan- 
vvene. The severity of the elastic tissue-calcium 
changes is correlated with the incidence and 
severity of atheromatous plaque formation at 
arious levels, and with the hydrostatic ten- 
sions operative at those levels. 

It is concluded that the medial changes, par- 
ticularly those along the inner elastic zone, do 
not differ qualitatively from similar changes 
observed in elastic arteries and that they bear 
an intimate relationship to the formation of 
atheromatous plaques. The concept of inde- 
pendent intimal and medial changes in muscu- 
lar arteries does not appear to be a valid one, 
and the term ‘“‘Ménckeberg sclerosis” is, there- 
fore, misleading. 


wt 


SUMARIO EspaNou 


Kk] deterioro y desgaste degenerativo del sis- 
tema arterial de las extremidades bajas ha sido 
estudiado en una serie de edades. La intensidad 
de estas alteraciones ha sido correlacionada a 
la distribucién de placas ateromatosas y de 
trombosis al igual que a la tensién efectiva a 
varios niveles segtin calculada por la formula 
de Burton. Evidencia se presenta a favor del 
concepto de que los lipidos en las placas atero- 
matosas se originan como un producto de estas 
reacciones degenerativas dentro de la pared 
vascular, mas bien que por difusién de la circu- 
lacién a través de la barrera endotelial. 
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Studies Made by Simulating Systole 
at Necropsy 


II. Experiments on the Relation of Cardiac and 
Peripheral Factors to the Genesis of the Pulse 
Wave and the Ballistocardiogram 


By Isaac Starr, M.D., T. G. ScHNaBEL, Jr., M.D., AnD R. L. Mayocx, M.D. 


This paper describes results obtained during the last three years with special emphasis on those 
secured since the development of the technic which permits us to employ compatible blood as per- 
fusion fluid. Using the method of paired experiments, data have been obtained on the effects on 
the pulse wave and the ballistocardiogram which follow changes in the total energy of the simulated 
systole, changes in the way that energy is applied during the systole, changes in resistance as meas- 
ured by diastolic pressure, and differences in the amount of arteriosclerosis present in 


various subjects. 


N a previous communication! a preparation 

was described in which water or salt 

solution was injected into the aortas and 
pulmonary arteries of cadavers at necropsy 
while the ballistocardiograms and arterial blood 
pressures were recorded. This first report was 
based on 91 simulated systoles in six cadavers, 
all made by injecting the fluid into the great 
vessels by pushing home the syringe plungers 
by hand, or by striking them with a mallet 
guided by hand. 

After this experience, enlarged support from 
the United States Public Health Service per- 
mitted us to improve greatly certain parts of 
our apparatus until we became able to sim- 
ulate systole by injections into the great 
vessels initiated by a known energy. We thus 
became able to vary both strength and char- 
acter of the simulated “‘systoles,’’ to duplicate 
each kind of “systole,” and so to study the 
varying effects of similar “‘systoles” made under 
a wide variety of physiologic conditions. So the 
improvements in our technic permitted studies 
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of a quantitative type impossible to secure by 
our former method of injecting by hand. Also 
the acquisition of two Lilly manometers per- 
mitted us to secure curves of both aortic and 
peripheral blood pressure simultaneously 
which at once opened a new field of investi- 


t 


gation concerned with testing the accuracy of | 


older methods designed to estimate cardiac 
output from pulse pressure and pulse wave 
velocity, and with creating better methods for 
this purpose. Finally we learned how to use 
compatible blood instead of water for both 
filling the vessels and injecting into them, a 
change long delayed because of our fears of the 
increased technical difficulty it might entail, 
but which actually made the experiment easier 


> & 


to conduct and led to great improvement in the J 


“normality” of the results. 


With these improvements in both apparatus | 
and technic it became evident that in our | 
cadaver preparation we had a unique means of | 


performing many types of physiologic experi- 
ments concerned with 
aspects of cardiac function as output, force, 


work, and power, which could be calculated | 


such fundamental § 


dynamically from our curves with an accuracy | 


not as yet attained on living men or animals. ; 
So we found ourselves able not only to devise | 
rough methods of estimating these important | 


cardiac functions from simple measurements 


Circulation, Volume VIII, July, 1/53 





STARR, SCHNABEL, JR. AND MAYOCK 45 


\ hich could be made in the living, but also to 
‘st their accuracy in our preparations. Also 
», the course of this work many observations 
of physiologic interest were made on the 
-enesis of the pulse wave and its transmission 
down the aorta. 

Our experience, since the experiments de- 
--ribed in the last publication,' now consists of 
05 simulated systoles secured on 24 cadavers, 
of which 65 systoles in six cadavers were done 

ith blood and the balance with water as the 
perfusing fluid. As a result the data of interest 
have proved to have a bulk not possible to 
-ompress into one paper, so we plan to start a 
series of presentations by this communication 
which is concerned chiefly with our apparatus 
and technic, with a description of experiments 
made to test our apparatus, our methods and 
the “normality” of our preparations; and with 
certain general features of our experimental 
results which can be expressed in simple 
terms. Data requiring more advanced mathe- 
matic analysis will appear in subsequent 
communications. 


APPARATUS 


Changes from our previous apparatus were as 
follows. The new ballistocardiograph used was made 
by the Technitrol Company? and was a high fre- 
quency, undamped table of the type long used in 
this laboratory. A calibrating device with a weight 
of 280 Gm. was built into it. This instrument had a 
vibration frequency of 20.5 cycles per second when 
unloaded, of 12.7 per second when loaded with 100 
pounds of iron bars, of 10.8 cycles per second when 
loaded with 170 pounds of iron bars. 

Blood pressures were recorded through smali 
plastic catheters* connected with two Lilly capaci- 
lance manometers' also made by the Technitrol 
Company. 

Mirror galvanometers (Hathaway type 0-51) were 
used to record both blood pressure and ballistocar- 
liogram. Three light sources were zirconium are 
iyhts made by Western Union Telegraph Company, 
ised with a power supply described as C.A.L. 

pe, B 25, made by George W. Gates Company. 
The galvanometers, light beam sources, slits and 

nses were set up on a rigid stone table. The 
‘mera film was run with a speed of 5 em. per sec- 

id in most experiments. 

Apparatus for simulating systole is shown in 

ure 1. The axle of the swinging mallet was 

‘ewed into a collar surrounding the mine jack 
sd it could be set at any height by a set screw. 

The wooden mallet weighed 15.5 pounds and the 


head was 20 cm. in diameter. To lengthen the radius 
of rotation an iron pipe was fitted over the wooden 
handle and extended beyond it. To obtain “sys- 
toles” of normal duration, ejection velocity and 
cardiac output, 30 pounds of iron bars were added 
to the back face of the mallet and fixed there 





Fic. 1. General setup of apparatus: viewed from 
the subject’s feet. A: The ‘“‘mine jack,’’ for supporting 
the axis of the swinging mallet. B: Swinging mallet, 
weighted and padded, held in cocked position by a 
chain with a thread link. C: Slit for light beam for 
recording position of syringe pistons, attached to 
metal piston, and projecting upward through split 
cylinder. D: Syringe holder and split cylinder for 
metal piston, and common base bolted to weighted 
table. E: Weighted table, with concrete block built 
into head. F: Nearest syringe, the second syringe 
immediately behind it does not appear. G: Hori- 
zontal and beginning of vertical limbs of nearest glass 
cannula with side tubes for venting bubbles and 
filling syringe; the second cannula immediately be- 
hind does not appear. The plastic tubes connecting 
with the side tubes, and their pinch cocks are not 
shown; nor is the perfusion bottle which provides 
fluid for displacing bubbles and filling syringes. 
H: Cadaver, with feet towards the reader, lying on 
ballistocardiograph, with heels against the foot plate. 
I: Perfusion bottle for diastolic pressure, connected 
with cannula in femoral artery. Its elevation can be 
adjusted by a cord passing over a pulley attached to 
ceiling. 


tightly by chains and turnbuckles. The length from 
axis of rotation to the bottom of the mallet head 
was 163 cm. The center of mass was located 132 cm. 
from the axis. The total weight of mallet, handle, 
extra weight, rubber and fittings was 58 pounds. 
When swinging freely from its axis the vibration 
period was 1.9 second. After striking the metal 
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piston and driving in the syringe piston, the mallet 
same to rest at or near its rest point. 

The striking surface of the mallet was heavily 
padded with thick sheets of sponge rubber cut into 
circular disks and held to the mallet by the flange 
of a movable sheetmetal collar. The amount of 
padding on the mallet was varied, and in some ex- 
periments a sponge rubber pad was also fastened to 
cover the handle of the metal piston struck by the 
mallet. Some of the disks used were of red sponge 
rubber, 1 em. thick, and others were of white sponge 
rubber, 2.5 em. thick; the pad for the handle was of 
red sponge rubber, 3.5 em. thick. Various combina- 
tions of these disks were used. An idea of their elas- 
ticity can be obtained by the data in table 1 which 
records the amount of compression caused by the 
end of a 4 pound iron bar, its surface of contact 
being a square 134 inches on each side, placed on 
the various combinations of rubber disks piled on 
the laboratory table. 

The injection apparatus has been modified only 
slightly from that described in the previous com_ 


TABLE 1.—Compressibility of the Padding Used 


Compression 
caused by a 4 lb. 
weight resting 
on a square 
surface 134 in. 
each side 


Combination Rubber used 


0.2 cm. 
2.8 em. 
4.0 cm. 


red disks 
red disks, 2 white disks 
red disks, 2 white disks 
and pad 
red disks, 4 white disks 
and pad 


4.5 em. 


munication.' A ratchet was added to prevent the 
syringe pistons from being forced backward when 
“systole” was over. The original cannulas have been 
divided into two parts by cutting the second limb 
and then closely approximating the ends by a rub- 
ber connection. This improvement permitted rota- 
tion of the horizontal third limb on the vertical 
axis of the second limb and allowed a great improve- 
ment in the proper fitting of the cannulas into the 
heart of each subject. The arrangement can be more 
easily seen in figure 2 than described. 

A small glass “U” tube water manometer was 
used to keep track of pulmonary diastolic pressure. 

The blood used as perfusing fluid was of group 
“QO” and had been discarded from the hospital 
blood bank as unfit for human use, usually because 
it had been drawn over one month previously. It had 
been preserved in the refrigerator from the time it 
was drawn. About 6 liters were required for the 
usual experiment. 


Tests of the Apparatus 


The table of the Technitrol instrument used in 
these experiments weighed but 27 pounds and so 


Fic. 2. Diagrams of aortic and pulmonary artery 
cannulas. A: First part of the glass aortic cannula 
viewed from the side. The first part of the pulmonary 
artery cannula is similar but somewhat longer. Dur- 
ing an experiment the end shown at the left is at- 
tached to the syringe. The side tubes are shown but 
not the plastic tubes and clamps which close them 
during an experiment. B: Second part of cannula for 
insertion through right ventricle into pulmonary ar- 
tery where it is tied in place, and then attached to the 
first part. C: Second part of cannula for insertion 
through left ventricle into aorta where it is tied in 
place and then attached to the first part. D: Rubber 
connection for attaching the two parts of a cannula 
when the chest is narrow, and the glass ends of the 
2 parts can be approximated without distortion. E: 
Example of one of a number of connections contain- 
ing different lengths of glass tubing used when the 
heart is deep in the chest. The increased length per- 
mits the Ist part of each cannula to lie snugly on the 
chest wall without the cannula tips distorting the 
position of heart or great vessels, while the ends of 
the glass tubes are closely approximated within the 
rubber connections. F: Aortic cannula, both parts 
connected, as viewed from above. The tip is at an 
angle often found during an experiment. In every 
experiment this angle is adjusted to conform with 
the position of the heart in the body. G: Pulmonary 
artery cannula, both parts connected as seen from 
above. The tip is at the angle found in most hearts 
during an experiment. During the experiments the 
first parts of the two cannulas lie side by side. The 
tip of the pulmonary artery cannula in the right 
ventricle curves over and crosses the tip of the aortic 
cannula lying in the left ventricle. G and F lie close 
alongside each other during an experiment. 


was somewhat lighter than that of our origin:! 
instrument. To assure ourselves that there was no 
difference in results we tested three normal sub- 
jects repeatedly using the new instrument and our 
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old machine alternately. We were not able to detect 
any difference in the records secured by these two 
instruments. 

The injection apparatus was tested, in the ab- 
sence of the cadaver, by attaching the tips of the 
aortic and pulmonary cannulas, through suitable 
curved glass connectors, to vertical glass or rubber 
tubes of the same internal diameter as the cannulas 
(2 em.). One of these tubes reached to the ceiling 
and both were long enough to contain columns of 
water supplying a pressure against the cannula tips 
the equal of any diastolic pressure secured in the 
clinic, and also to contain the extra amount which 
flowed in at systole. 

A great deal of experimenting was done using 
rubber tubes of varying thickness, and air chambers 
attached to side tubes located near the cannula 
tips, to allow us to get stroke volumes, and injec- 
tion curves with contours similar to those secured 
on the cadaver experiments after similar systolic 
blows. 

From the rise of the columns of water in the 
vertical tubes the work performed on the fluid by 
any systolic blow could be readily calculated. 
Figure 3 gives the work performed in relation to 
the energy of the blow in four experiments. These 
experiments were made under widely different condi- 
tions of ‘diastolic pressure’’ and elasticity of the 
system, and their divergence from one another is 
due to this. But the results of each experiment, 
taken by itself, are well represented by regressions 
arbitrarily drawn through the origin. Close inspec- 
tion shows that the true regressions are more prob- 
ably slightly curved with a downward concavity 
and that they probably impinge on the base line 
to the right of the zero point. This is certainly to be 
expected, the large loss of energy from friction in- 
creasing as the blow increased, while a very small 
blow may not be sufficient to overcome the fric- 
tional forces and perform work beyond the syringes. 
But despite this likelihood the results show clearly 
that within the limits of our experiments we will 
not go far wrong if we consider the effect produced 
on the circulation to be directly proportional to the 
energy of the blow for any single set of conditions. 


ConpucT OF THE EXPERIMENT 


Although the experiment was conducted much as 
hefore,| some important improvements must be 
described. The sternum was sawed through the mid- 
line, its halves forced apart by a steel rib retractor 
of the gear and ratchet type. The pericardium was 
opened in the midline. Using great care, a passage 
around the base of the pulmonary artery, and an- 
ther around the base of the aorta was cleared by 
‘lunt dissection, and loose ligatures were passed 
iround these vessels. The left ventricle was incised 
‘ear the apex of the heart, and the tip of the de- 
ached third limb of the aortic cannula was in- 
-erted through the chamber into the aorta and tied 


in place. The right ventricle was then incised at its 
tip away from the pulmonary artery, and the tip 
of the detached third limb of the pulmonary cannula 
was passed through this chamber and tied into the 
base of the artery. Great care was used to connect 
the cannulas so that there was no traction on or dis- 
tortion of the cardiac anatomy and the first limbs 
lay on the skin surface without being forced into 
that position. 
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Fig. 3. Relation of energy of blow to work per- 
formed. A test of our apparatus. In this figure and in 
figures 5 and 6 the numbers of the horizontal axis 
indicate the strength of the blow in ergs. Those un- 
familiar with these units may need to be reminded 
that 1 erg is a very small quantity. Thus if the re- 
corded symbol is over the figure 30 on the X axis, the 
ergs of the blow would be 30 X 1,000,000 or 30,000,000 
ergs. Thus, in these figures any value on the X axis 
X 10° equals the ergs of the blow; or any number 
equals ergs X 107°. 

In the experiments work was measured by attach- 
ing vertical tubes to the tips of the aortic and pulmo- 
nary artery cannulas in the absence of a cadaver, and 
measuring the rise of the fluid column. Results se- 
cured under the same set of conditions are shown 
by the same symbol. The regressions shown have been 
placed arbitrarily and they are not the calculated 
best lines. 


The blood used for perfusion was warmed in a 
water bath to about 100 F. just prior to the experi- 
ment, thoroughly stirred, and poured through gauze 
into the large perfusion bottle. The aorta was washed 
free of clots by allowing blood to flow into the fem- 
oral artery and out the aortic cannula, where it was 
caught in a beaker. 

The free ends of the glass cannulas were now at- 
tached to the two syringes and bubbles carefully 
removed from the system by venting them through 
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the side tubes of the cannulas while blood and saline 
were allowed to run in. The syringes were then filled 
to the 100 ec. mark, or near it. 

A femoral artery was punctured with a 
number 21 needle; a small plastic catheter attached 
to a manometer was threaded through its orifice 
and passed up the aorta to the top of the arch; the 
needle was then withdrawn from the vessel wall 
leaving the tube in place. Using a second needle 
and puncturing just below the first puncture, a 
second plastic catheter was inserted into this artery 
for a few centimeters, and this needle was likewise 
withdrawn. 

The mallet was now “cocked” by drawing it back 
until a stick of known length could be inserted be- 
tween the table and the mallet head. The mallet 
rested on the stick until it could be supported from 
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Fic. 4. A typical record of a simulated systole. 
Systole number 2 of subject H. Z. Upper record is 
time record; smallest interval, 0.04 second. Second 
record is record of syringe piston; its calibration is 
given on the left. Third record is ballistocardiogram; 
its calibration is not shown. Fourth record is blood 
pressure recorded in femoral artery; values derived 
from its calibration are given on the right. Lowest 
record is blood pressure recorded in aortic arch; 
values derived from its calibration are given on the 
left. The reproduction is one-half actual size. 


behind by a chain and turnbuckle joined by a link 
of thread. The turnbuckle was tightened until the 
stick dropped to the floor, leaving the mallet in a 
known position and cocked for the blow. Pulmonary 
diastolic pressure was read on the manometer and 
adjusted downward if it was above 10 mm. Hg, 
and lastly the position of the syringe pistons was 
read from the syringe scale. 

All now being ready the room lights were ex- 
tinguished. The clamp was opened and blood flowed 
into the femoral artery from the perfusion bottle. 
When the beams indicated that diastolic pressure 
had reached a plateau, the cameraman said “Go” 
and started the camera. The inflow tube of the 
femoral perfusion of blood was then clamped, and 
the thread link was burned through as soon as 
possible, allowing the mallet to drop and force in 


the syringes. As soon as the resulting impacts and 
pressure changes were over, the ballistocardiogram 
was calibrated. The blood pressure base lines were 
next recorded by opening the side tubes of the 
manometer heads to the air. Reading the final posi- 
tion of the syringe plungers finished the run. It should 
be noted that the syringes did not expel all the blood 
in them; indeed, if either piston struck the end of its 
barrel the run was discarded. 

The syringes were now refilled; changes were 
made according to the requirements of the next 
experiment; the mallet was cocked once more and 
the next “‘systole” run off immediately. We averaged 
13 ‘“‘systoles” to each cadaver. Once set up, the 
series required only a short time to complete. 

Tests of the responsiveness of the Lilly manom- 
eters were made at the beginning, and at the end of 
each series of experiments by lightly tapping the 
ends of the small plastic tubes with the finger. We 
assured ourselves that the responses of the beams 
were almost instantaneous before proceeding, and 
sought for bubbles to eliminate if this were not the 
case. Tests for alignment of the beams were also 
made. 

The manometers were calibrated twice, always at 
the end of the experiment and usually after the 
second “systole” by inserting pressures of 50, 100, 
150, 200 and 250 mm. by the bulb of an ordinary 
mercury blood pressure manometer, and photo- 
graphing the position of the beams. The agreement 
between the two calibrations was always excellent 
and the slope was nearly linear. 

At the conclusion of the run the heights of the 
manometer heads above the table were measured. 
The position of the tip of the aortic pressure catheter 
was verified and both arterial catheters were with- 
drawn after marking the point at which they 
pierced the vessel wall. Their length within the 
vessel jumen was then measured, so that the distance 
traversed by the pulse wave passing between the 
tips could be obtained by difference. The thickness 
of the chest was recorded by measurement of the 
height of the sternum above the table; one-half this 
distance above the table was used to locate a level 
to which the pressures were referred. 

The necropsy was now completed in the usual 
manner, the pathologist giving special attention to 
the great vessels from which several pieces were 
taken for section, and measurements of diameter 
made at various levels. 


Measurement of the Records and Calculations 


A typical record of a single ‘systole’ is shown 
in figure 4. For the results reported in this paper 
we measured by a millimeter rule placed directly 
on the photograph using the edge of the time record 
as base line. All the records secured with blood as 
perfusion fluid were remeasured and recalculated 
about six months after the original measurements 
and in ignorance of the original findings. 
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The measurements of the ballistocardiogram were 
corrected by the calibrations of that instrument so 
that amplitudes recorded in the tables represent 
those which would have been found if a force of 280 
Gm. had displaced the light beams 1 em., the rela- 
tion employed in most clinical work. We finally used 
the average of all the calibrations to correct the 
measurements made on each curve, but the calibra- 
tions were very consistent in most experiments and 
it would have made little difference had the calibra- 
tion which followed each systole been used for the 
ballistocardiogram preceding it. 

Pulse wave velocities were measured by the dis- 
tance between the first rise of the aortic and femoral 
pressure curves from their diastolic levels. This dis- 
tance was referred to the time record; correction 
for alignment was rarely necessary. Duration of 
ejection was similarly measured from the syringe 
record. 

The record of the syringe position, the cardiac 
output at each instant, was calibrated from the 
many readings of the syringe scale made before and 
after each systole. 

Statistical analysis of the results was performed 
by standard methods. We are indebted to Dr. 5. I. 
Askowitz for calculating the kinetic energy of the 
mallet blows used from the laws of the pendulum 
and for instruction in the use of a modern calculat- 
ing machine for the statistical calculations. 


On Various TECHNICAL DIFFICULTIES AND 
THEIR SOLUTIONS 


It was essential to the success of the experi- 
ment that the pistons move in their cylinders 
with a minimum of friction and without 
sticking, accordingly the syringes were taken 
apart and thoroughly washed at the end of 
each experiment, stored dry, and oiled with a 
mixture of light lubricating oil and “pene- 
trating” oil when reassembled just prior to the 
first “systole” of the next experiment. 

The use of water as perfusing fluid caused 
many difficulties. The aortic run-off was ab- 
normally rapid and the perfusion bottle had to 
be elevated far above the theoretic diastolic 
level before ‘normal’ diastolic pressures could 
be secured. Also because of the rapid run-off, 
if inflow from the perfusion bottle was inter- 
rupted, diastolic pressure fell off too fast 
before systole could be delivered. Therefore 
femoral inflow was continued during systole, a 
‘echnic not ideal because the fluid entering the 
iortie “‘wind kessel” during systole consisted 
f both the ‘cardiac output” and a certain 
nuch smaller but unmeasured amount enter- 
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ing simultaneously via the femoral cannula. 
It was our belief that this systolic femoral 
flow compensated for the increased run-off of 
water during systole, as it surely did during 
diastole since it maintained that pressure 
constant. 

Finally, in order to provide hypertensive 
pressures in the experiments in which water was 
used, elevation of the perfusion bottle to the 
ceiling was often not sufficient and the fluid 
had to be squirted into the femoral artery 
under pressures derived from the water mains. 
All these difficulties disappeared as soon as 
blood replaced water as perfusing fluid. 

We struggled to reproduce the ballistic I 
wave at will during the first year of this in- 
vestigation. The J and K waves occurred 
regularly after simulating systole, but in certain 
early cadavers the I wave failed to appear. 
We finally learned that three conditions must 
be met before an I wave can be secured; first, 
the cannulas must be of a size to contain a 
sufficient mass of blood moving headward; 
second, the cannula tips must be tied into the 
base of the aorta to provide an elastic tube 
which slows the transmission of the headward 
fluid wave and so separates the footward and 
headward forces which form the I and J 
waves; third, the cardiac ejection curve must 
rapidly accelerate early in systole to provide 
forces adequate to move the body footward 
before they are overcome by the larger head- 
ward components which follow so shortly after. 
By attention to these three needs, we repro- 
duced ballistic “I’? waves at will in 60 con- 
secutive systoles and learned how to make 
them appear and disappear. So we now regard 
the problem as solved. 

The plan of our experiments required satis- 
factory duplication of the conditions under 
which they were conducted. It was easy to hold 
constant the force of the blow and the amount 
of the padding, but to secure exactly similar 
resistance by attaining identical blood pres- 
sures proved more difficult. The diastolic per- 
fusion bottle could readily be placed at the 
same height when duplicate pressures were 
desired, but the diastolic pressure attained at 
the instant before systole depended not only 
on the perfusing force but also on the length of 
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time the perfusion was allowed to run, a time 
which had to be judged for each experiment 
by watching the shift of the manometer beams. 
Also, after the inflow from the perfusion had 
been stopped, the time between the interrup- 
tion of perfusion and the systolic blow played 
a large part in the height of the diastolic 
pressure. Thus our attempts to secure identical 
pressures in pairs of experiments were not al- 
ways successful and we generally accepted as 
satisfactory only those experiments in which 
the diastolic pressures of the pair differed by 
less than 10 mm. Hg. 


THE MATERIAL 


We aimed to perform our physiologic 
necropsy very soon after death and occasionally 
this was possible. Usually permission could not 
be secured until some hours had elapsed and 
about two hours more was required to assemble 
the team and set up the experiment. On one 
occasion, due to a misunderstanding of the day 
of death, we worked more than 24 hours after 
death had taken place. Experience slowly led to 
the realization that we could not distinguish 
clearly between results secured on fresh and 
old cadavers. 

The complete pathologic reports on the 24 
cadavers obviously cannot be given in detail 
and since the main emphasis of our work will 
be on the six in which blood was used as per- 
fusing fluid, the pathologic picture of these 
subjects only will be presented. 


No. 24. Feb. 12, 1952. P. L. Age: 47. Ht.: 167 
em. Wt.: 56 Kg. Blood pressure during life: 120/70 
mm. Hg. Clinical diagnosis: carcinomatosis, jaun- 
dice, cholemic nephrosis. In the aorta numerous 
atheromatous plaques were present, but no ulcera- 
tion nor calcification was found. The aortic diameter 
above the heart was 1.9 em. 


No. 25. Feb. 20, 1952. M. L. Age: 43. Ht.: 163 
em. Wt.: 70 Kg. Blood pressure during life: 118/60 
mm. Hg. Clinical diagnosis: acute myelogenous 
leukemia. Pathologic diagnosis: acute myelogenous 
leukemia, with widespread local hemorrhages. A 
mild degree of atheromatous thickening was present 
in the aorta, particularly in the abdominal portions. 
There was no fibrosis, ulceration, or calcification seen. 
The pulmonary arteries were not remarkable. Lungs 
showed focal hemorrhages. The aortic diameter 
above the heart was 1.8 cm. 


No. 26. March 5, 1952. H. Z. Age: 67. Ht.: 176.5 
em. Wt.: 74 Kg. Blood pressure during life: 116/80 
mm. Hg. Clinical diagnosis: cardiac infarction. 
Pathologie diagnosis: generalized arteriosclerosis. 
Multiple old and recent infarcts of myocardium. 
Duodenal ulcer, benign prostatic hypertrophy: 
There was marked atherosclerosis with ulceration of 
the abdominal aorta, but in many places the ar- 
teries were in good condition. The aortic diameter 
above the heart was 2.5 em. 


No. 27. March 19, 1952. R. R. Age: 74. Ht.: 156 
em. Wt.: 49.5 Kg. Blood pressure during life: 140/80 
mm. Hg. Clinical diagnosis: carcinoma of trans- 
verse colon, removed at operation. She was re- 
admitted for closure of colostomy, but the lower 
bowel perforated and she died suddenly soon after. 
Pathologic diagnosis: generalized peritonitis, old 
and fresh myocardial infarcts, bronchopneumonia 
of lower lobe, bilaterally, petechial hemorrhage in 
pons. The aorta showed widespread marked athero- 
sclerosis with large patches of calcification and many 
ulcerated areas. It was cut with scissors only with 
difficulty. The diameter of aorta above the heart 
was 3.7 cm. 


No. 28. March 28, 1952. J. W. Age: 68. Ht.: 
159 cm. Wt.: 43 Kg. Blood pressure during life: 
112/68 mm. Hg. Clinical diagnosis: carcinomatosis 
following carcinoma of sigmoid, septicemia. Patho- 
logic diagnosis: recurrent carcinoma of the colon 
with metastasis to regional lymph nodes, broncho- 
pneumonia, acute pyelonephritis, ureteral obstruc- 
tion. Aorta dilated and uncoiled, contains numerous 
atherosclerotic plaques and ulcerations. The section 
showed calcification of the media and intima of the 
aorta, with cholesterol clefts in the intima. At 4 em. 
above the common iliac the aorta was narrowed to 
two-thirds its normal diameter by pressure from the 
tumor. The diameter of the aorta above the heart 
was 3.2 em. 

No. 29. May 20, 1952. M. McD. Age: 43. Ht.: 
176 cm. Wt.: 98 Kg. Blood pressure during life: 
135/85 mm. Hg. Clinical diagnosis: chronic mye- 
logenous leukemia, terminal cerebral vascular acci- 
dent. Pathologie diagnosis: chronic myelogenous 
leukemia, pulmonary edema with atelectasis of 
left lower lobe. The head was not examined. Aorta 
and arteries were normal, smooth and glistening. 
The aortic diameter above the heart was 2 em. 


RESULTS 


Design of the Experiments. The study was 
designed to determine the effects on blood 
pressure and ballistocardiogram of changes in 
these items: the energy of the systolic blow, 
the manner of application of that energy, the 
resistance to cardiac ejection as judged by the 
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diastolic pressure, and the amount of arterio- 
sclerosis in the subject. We aimed to secure the 
advantages accruing to any statistical analysis 
when the experiments are paired. Accordingly 
the systoles were arranged in pairs which may 
be called A; and A»; B; and By, ete. Usually 
both A; and A, were performed on the same 
subject and everything was kept as constant as 
possible except the single item being studied, 
which was larger in A; than in A, or vice 
versa. On the other hand, the range of the 
experience was kept wide by conducting the 
paired experiments under very different physi- 
ologic conditions; thus when changes in the 
force of the blow were being studied A; and 
A, were conducted at normal pressure; B, 
and B, with the same mallet padding but at 
hypertensive pressures; C,; and C, at normal 
pressures with the mallet more heavily padded; 
“7, and £, in an arteriosclerotic subject, ete. 
Thus while the range of the experience was 
great, the effect of the energy of the blow 
could be decided by studying the differences 
between results secured in each pair, A,;—Ao, 
B,-B2, etc. Obviously if changes in the energy 
of the blow were without effect, the mean of 
the differences of results secured in each pair, 
(A;-Ao) + (Bi-B.) + ... (n-ne), 
proach zero, and if we can establish that this 
mean is significantly different from zero we 
have the right to believe that changes in the 
energy of the blow caused the differences in 
result we measure. Conventionally significance 
is established if ¢ exceeds 2, which indicates a 
probability of about 95 in 100 that the result 
was not due to chance, and so ¢ has been given 
under every item recorded in the tables. 

In designing this series of experiments we 
were content to leave randomization of the 
data to chance; this was completely successful, 
for in the experiments with blood as perfusing 
fluid the larger of the values being studied came 
irom an experiment performed first in 47 per 
vent of the pairs, from that performed second 
in 53 per cent. 

Believing that to give all the raw data would 
overweight the paper with figures, we have 
presented in the tables the results of typical 


would ap- 


experiments chosen to illustrate the range of 
the experience, and the manner of taking the 
differences, as well as the statistics of each 
series as a whole. 

Duplicate Estimations. The results of three 
typical pairs of duplicate estimations, all 
made with blood as perfusing fluid, and a 
statistical analysis of results secured on a 
total of 16 such pairs are given in table 2. 
By such duplicates we tested our ability not 
only to secure similar results in consecutive 
experiments, but also to return to the original 
conditions at the end of the experiment after 
many factors had been altered. It is evident 
that we were able to get reasonably satisfactory 
duplicates of the items measured. The systolic 
pressure varied most, as measurements some- 
times made at the tip of a spike are likely to 
do. In the ballistocardiograms the I + J dis- 
tance could be somewhat more closely dupli- 
cated than the J + K distance by blows judged 
to be similar. 

These data provide a basis for judging the 
significance of changes in any of the functions 
measured when the experiment was altered. 
Accordingly three pairs of experiments were 
performed in which results secured with water 
as perfusing fluid could be compared with those 
obtained when blood was employed. The aver- 
age difference between these pairs was not 
larger than the average difference between 
duplicate estimations (table 2) in which blood 
was employed in both experiments of each 
pair. 

Also in six pairs of experiments we sought to 
answer the question whether clamping of the 
inflow from the perfusion bottle before the 
systolic blow (our final technic) yielded 
different results from those obtained when the 
inflow was allowed to continue during systole 
(our initial technic). We were unable to 
establish any significant difference in the re- 
sulting ballistocardiograms. 

Effect of Increasing the Blow. Several typical 
experiments and the averages of the whole 
series of 15 pairs are given in table 3. An in- 
crease in the force of the blow never failed to 
increase the amplitude of the ballistocardio- 
gram. The average increment of the force of the 
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blow was 12.7 X 10° ergs and this caused 
highly significant increases in systolic pressure, 
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on the ballistocardiogram is also illustrated 
when the I + J distance is plotted in relation 


TABLE 2.—Duplicate Estimations. Force of the Blow, the Padding and the Diastolic Pressure are Held Constant, or 
Nearly so, in Each Pair. Data on Three Typical Paired Experiments and Statistics on the Differences between 16 


Energy of Blow 
ergs X 10-6 


Subject and 
Systole No. 


H. Z. 2.83 
Difference 


P. is. 
Difference 


JW. 
8 
Difference 


Statistics on the differences 
between 16 such pairs 
Differences without regard 
to sign 
Mean of differences... .. 
Ds % 


Such Pairs 


Femoral B.P. Stroke 


Volume 
Syst. ce. 
mm. Ig 


Padding 


Number Dias. 


mm. Hg 
78 193 67 
69 190 69 

9 3 2 


7.2 
5.1 


. Ballisto 
Duration Pulse wave - 


of eject. velocity 


sec. M. per sec J+K 


mm. 


0.35 10.6 9. 20. 
0.34 i.d ; 23. 
0.01 0.5 


0.46 
0.32 
14 


34 


0.75 
0.62 


0.05 
0.04 


TaBLeE 3.—Effect of Increasing the Systolic Blow on the Ballistocardiogram. Data of Three Typical Paired Experi- 
ments and Statistics of 15 Similar Pairs in Which Padding and the Diastolic Pressure Were Held Constant, or 


Energy of 


Subject and Systole No. Blow 


ergs X 1076 


P. is. il 


14.85 


Nearly so, in Each Pair 


Femoral B.P. asa 
Volume 
Syst. cc. 

mm. Hg 


Padding 
Number Dias. 
mm. Hg 


123 192 38 


10 32.83 119 232 56 


Difference 


+17.98 —4 


+40 


R. R. 11 11.71 ‘ 79 116 


10 32.8: 
12 —1 


Difference +21. 


J: W. 12 14. 
14 19. 
Difference +4. 


Mean difference of 15 


stroke volume, and in the amplitude of the 


ballistocardiogram. 


The effect of changing the force of the blow 


78 174 
+58 


85 ‘ 80 48 
24 ‘ 96 51 


+16 +3 


2 | +22.5 
.23 6.08 
78 3.70 


1 
l 


+14.9 
3.07 
4.87 


; Ballisto 
Duration Pulse wave ‘ 
of eject. velocity 

sec. M. per sec. | 


J+K 


mm. 


c+J 


24 
.28 
04 


30 d . 5.8 
.24 F 20. 25.8 
06 .7 | +20.0 


36 8.: 5.8 
35 ; 2.5| 11.7 
01 


+0.07 
0.55 
0.01 


+0.008 
1.45 
0.55 


to the kinetic energy of the blow (fig. 5). 


The effect of differences in mallet padding and 


in blood pressure is manifested by the dif- 
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‘erences in I + J amplitude caused by similar 
lows. But when padding and resistance are the 
-ame—such points have been joined by lines 
n figure 5—one sees at once that for each 
ituation the amplitude of the ballistocardio- 
‘ram is proportional to the kinetic energy of 
he blow; indeed the relation is extraordinarily 
lose, most of the lines pointing almost exactly 
at the origin. 

Effect of Changing the Padding on the Mallet. 
(his effect was investigated in eight pairs of 
experiments performed on three subjects. The 
systolic blow was the same and resistance was 
kept as similar as possible in both members of 
each pair while the padding was changed in 
one. The different pairs were performed under 
most dissimilar conditions; thus some pairs 
were made when the blow was strong, others 
when it was weak; some were made when the 
pressure was normal, others at shock levels; 
there were pairs in a subject with normal 
vessels, M. M., and pairs in one, R. R., who 
had marked arteriosclerosis and a dilated 
aorta. These diversities account for the great 
differences in results when the padding is simi- 
lar. 

The typical results and the statistics given 
in table 4 show clearly that an increase in 


AMPLITUDE OF 
40-BALLISTOCARDIOGRAM 
I+J DISTANCE 
IN MM. 


30 


OL 
iO me 20 2 30. 35 


ENERGY OF BLOW. ERGS x 107° 


Fig. 5. Relation of the strength of the blow to the 
amplitude of the ballistocardiogram. Symbols: dots 
= subject J. W.; circles = R. R.; crosses = P. L.; 
squares = M.L.; x’s = M.M. The symbols joined by 
lines indicate results secured in pairs of experiments 
on the same subject in which padding was constant, 
blood pressure was kept nearly constant, and the 
force of the blow varied. Blood was used as perfusing 
fluid in all cases except one pair of experiments per- 
formed on P. L.; in this pair water was used. 
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TaBLe 4.—Effect on the Ballistocardiogram of Softening the Systolic Blow by Increasing the Padding on the Mallet. 
Data of Three Typical Paired Experiments and Statistics of All Eight Pairs in Which the Force of the Blow 


Energy | 
of Blow 


Subject and Systole No. | | 
| ergs X 10-8 | 


eee —| 
19.24 | 
19.24 


M. McD. 


Difference 


H. 2. 


Difference 


Rn. &. 


Difference 


~ atisties: mean 
difference of 8 


Femoral B.P. 
Padding | a 
Number | Dias. 


| mm. Hg 


Stroke 
| Volume | 
Syst. ce. | sec. 
mm. Hg | 
1 | 66 | 51 
4 | 6 | | 68 
| ef +17 


59) | «139—i«| CG 
63 47 
+4 -9 


0.32 
0.64 
+0.32 


0.36 
0.34 
—0.02 


and Diasto-ic Pressure Were Held Constant, or Nearly so, in Each Pair 


Duration | Pulse wave 
of eject. 


5.0 
4.6 
—0.4 


10.6 
11.1 
+0.5 


46 0.22 9. 
50 0.26 
+4 +0.04 


+3.6 
2.9 


velocity 
M. per sec. 


Ballisto 
I+J 
16.1 


2.0 
—14.1 





o4 


AMPLITUDE OF 
s0-BALLISTOCARDIOGRAM 
I*J DISTANCE 
IN MM. 


40- 


a 


Pigs 


ou ' ' ' | | 


0 ' 2 a | Sem 
PADDING 


3 
COMPRESSION BY A STANDARD WEIGHT 


2 3 
PADDING COMBINATIONS 


Fic. 6. Relation of the amount of padding cushion- 
ing the mallet’s blow to the amplitude of the ballis- 
tocardiogram. Symbols: circles subject R R.; 
x’s subject M. M.; triangles subject H. Z. 
The symbols joined by lines indicate results secured 
in pairs of experiments on the same subject in which 
the force of the systolic blow and the diastolic pres- 
sure were kept constant or nearly so, the padding 
being varied. Blood was used as perfusion fluid in all 
these experiments. 
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The effect of increasing the padding on the 
amplitude of the ballistocardiogram is also 
shown in figure 6 where members of each pair 
are joined by lines. A change in the amount of 
padding on the mallet profoundly alters the 
response of the ballistocardiogram to blows 
of similar total energy, and the slopes of the 
lines indicate that the relation is roughly 
proportional, a similar change of padding 
affecting the larger values more than the 
smaller ones. 

Effect of Changing the Resistance. This effect 
was sought by setting up pairs of experiments 
in single subjects in which the blow and padding 
were similar in each, but the diastolic pressures 
differed greatly, always by more than 10 mm 
Hg. Each of the five subjects perfused with 
blood was used and the 29 pairs were con- 
ducted under widely different conditions of 
blow, padding and pressure, the latter falling 
into several groups depending on the pressure 
levels. Thus in seven pairs we studied the 
effect of a change in diastolic pressure from a 
normal level (defined as from 85 to 65 mm. 
Hg) to the level found in mild shock (defined 
as from 65 to 40 mm. Hg), in seven pairs the 
effect of change from a normal level to that of 


TaBLeE 5.—Effect of Changing Blood Pressure. Data on Three Typical Paired Experiments Selected from 37 in which 
the Force of the Blow and Padding Were Held Constant in Each Pair 


Femoral B.P. 


Energy 
of Blow 
ergs X 10-6 


Padding 


Subject and Systole 
N Number 


ms Dias. 
mm. Hg 


32.83 3 
32.83 3 


RR. 10 
9 


Difference 


78 
30 
—48 


P. bb. 120 
78 


Difference —42 


H. Z. 


Difference 


padding causes a profound and _ significant 
diminution in the average amplitude of the 
ballistocardiogram for any given blow without 
causing significant changes in the averages of 
t he other functions measured. 


Syst. 


mm. Hg 


174 
69 
—105 


236 
160 
—76 


173 
78 
—95 


Stroke Ballisto 
Volume 
ce. 


Pulse wave 
velocity | 
M. per sec. 


Duration 
of eject. 
sec. 


Lag 


mm. 


J +& 


mm. 
50 0.26 
0.30 

+0.04 


20.0 
23.6 
+3.6 


25.8 
26.0 
0.2 


58 
61 


0.26 
0.30 
+0.04 


16.6 
15.6 
—1.0 


42 
63 
+21 


0.20 
0.42 
+0.22 


11.5 16.9 21.8 
6.0 27.7 33.1 
—5.5 | +10.8 | +11.3 


severe shock (defined as under 40 mm. Hg), FF 
and in seven pairs the change from mild to 4 
severe shock. Table 5 gives the results of three 
such pairs of experiments which are typical : 
of the others, and table 6 gives the results of | 
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statistical analysis of all the data secured 
hen blood was employed. 

Unfortunately the results secured with blood 
us perfusion fluid contained only three pairs 
i1 which the effect of hypertensive blood 
pressures (defined as over 85 mm. Hg dias- 


obtained during hypertensions which ranged 
from 144/103 to 277/141 mm. Hg, could be 
compared with those found under similar 
conditions except for much lower pressures. 
The statistics of this series and of the entire 
series are also given in table 6. 


JABLE 6.—Stlatistics on the Effect of Alterations in Blood Pressure on the Ballistocardiogram. Statistics of the 
Differences between Paired Experiments Such as Those in Table 5, the Force of Systolic Blow and Padding Held 
Constant in Each Pair 


Statistics of differences between pairs 


Type of change in B.P. Number; 
Femoral B.P. 


studied and nature of | of 
perfusing fluid pairs 
Dias. 
mm. Hg 


Syst. 
mm. Hg 


Blood. Normal diastolic 
pressure to mild shock. 
mean —20.7 —18.3 
2.46 4.3 


1D) | 4.2 


Blood. Normal diastolic | 
pressure to severe 
shock 

mean 


Blood. Mild shock to 
severe shock 
mean —30.6 
3.0 


10.0 


Water. Hypertension to | 
normal pressure or 
RRM eerste nt sees 

mean 


All the data, the experi- 
ments used above plus 
5 other experiments. . . 


mean —49.3 


3.7 | 5.6 
96 8.8 


* Pulse wave velocity estimated in 30 pairs only. 


tlic) could be studied, and in two of these the 
pressure was elevated very little above the 
upper normal limit. Therefore, we turned to 
the results of earlier experiments in which 
Water had been used as perfusion fluid and 
found eight satisfactory pairs in which results 


Stroke 
Volume 


Ballisto 


Pulse wave 
velocity 
M. per sec. 


Duration 
of eject. 
ce. sec. 


J+= 


mm, 


+8 +0.06 | +0.82 
2.35 0.016 2.16 
2.9 3.4 : : 0.4 


+38.9 
2.4 
3.7 


—2.42* +2.6 
0.36 0.99 
6.8 | 2.6 


The results show that many physiologic 
measurements changed profoundly when blood 
pressure was altered in our experiments. Thus 
when blood pressure was lowered, the stroke 
volume delivered by the same systolic blow 
regularly increased because resistance to the 
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inflow of fluid into the aorta had been lessened; 
the duration of ejection also increased, and the 
pulse wave velocity was markedly diminished. 
In contrast to these major changes, the effect 
on the ballistocardiogram amplitude was 
small, but in the series as a whole the average 
change does attain significance, and this is also 
true in those smaller groups in which the 
average change in blood pressure was very 
great. Nevertheless, in comparison with the 
major changes of blood pressure, pulse wave 
velocity and duration of ejection found in these 


ficial yellowish patches; while in H. Z. and 
J. W. arteriosclerotic changes were marked, 
and in R. R. they were most advanced; so it 
seemed proper to assess the effect of this ab- 
normality by comparing results secured in the 
first three with those obtained in the last three, 
and many such pairs could be made up from 
our data. 

For the reasons given agreement within the 
pairs was not always as close as that we had 
demanded in the pairs studied hitherto. For 
example, among the 12 pairs statistically 


TABLE 7.—The Effect of Arteriosclerosis. Data on Three Typical Paired Experiments and Statistics on 12 Such Pairs 
in which the Blow and Padding Were Constant and the Blood Pressures Matched as Closely as the Data Permitted; 
One Subject of Each Pair Being Arteriosclerotic While the Other Was Not 


Energy 
of Blow | Padding 


Subject and Systole Arterio- 
ergs X No. 


No. sclerosis 


ae Dias. 
o-6 
10 mm. Hg 


R. R. 2 +++ 14. 58 
M. L. 1 0 14.8 2 55 
Difference +3 


R. R. 5 +++ 
M. L. 3 0 
Difference 


ai W. 14 
M. M. 4 
Difference 


Statistics on the differences 
between 12 such pairs 
Mean difference. 
om. 


e.. 


experiments, the effect on the ballistocardio- 
gram seems almost negligible. 

Effect of Arteriosclerosis. The data permitting 
this study were assembled with more difficulty 
because the results paired came from experi- 
ments on different subjects, and so were se- 
cured on different days, often months apart. 
The lack of certain knowledge whether the 
subject had arteriosclerosis or not, a fact de- 
termined at the necropsy conducted after our 
experiments were over, added to the difficulties 
of following any prearranged plan. 

Of our subjects perfused with blood, one, 
M. M., was without arterial lesions; in two, 
M. L. and P. L., there were only some super- 


Femoral B.P. 


= 
Pulse Ballisto 
wave | 
velocity 

| M. per sec I+ J 


Stroke | Duration | 
; Volume of eject. | 
Syst. | ce. | sec 


J+kK 
mm. Hg 


mm. mm. 


109 | 85 .28| 5.7 | 18.6] 23. 
104 61 45 | 5. 8. 10. 
+5 —26 17 | +0.6 | +10.6 | +13. 
155 46 : 9. 38. 47. 
118 63 s. 16. 
+37 

96 

80 
+16 


43 | —12 —0.07 
8.38 3.80 0.02 
0.36 3.07 3.72 


studied with the results given in table 7, in 
only seven was the agreement of diastolic 
pressures within 10 mm.; we accepted the less 
perfect five because in the series as a whole the 
average difference of diastolic pressure within 
the pairs was close to zero, and because data in 
the preceding section showed clearly that 
differences in diastolic pressures had _ little 
effect on the ballistocardiogram. But we have 
also studied three other pairs, in which resulis 
secured in our most arteriosclerotic subject 
could be paired with those obtained in subjects 
with less arteriosclerosis, and these results are 
perfectly consistent with the statistics given in 
table 7. So our data indicate that in the pres- 
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ence of severe arteriosclerosis a given systolic 
blow was followed by a significantly smaller 
stroke volume and a shorter duration of ejec- 
tion, while pulse wave velocity was increased, 
and pulse pressure was not significantly 
changed. In addition, the amplitude of the 
ballistocardiogram, judged by the average I + 
J distance was increased significantly, but the 
increase in the average J + K distance was not 
significant. 


DISCUSSION 


The question whether results secured soon 
after death could be properly applied to the 
living has been always before us and our 
efforts to discover differences between the 
physical properties of our cadaver prepa- 
rations and those of living persons have con- 
tinued unabated. The present status of our 
knowledge of this subject will now be reviewed. 

The vibration period of our subjects, esti- 
mated from the vibrations following a single 
tap is always within the range of similar data 
secured on the living. 

The damping of our 24 cadavers on the 
ballistic table, estimated by the response to 
lifting off the calibrating weight, is almost 
exactly critical, or somewhat less than critical. 
It is harder to estimate the degree of damping 
in living persons, but the rough tests possible 
suggest that the situation is much similar in 
these. 

The contours of the femoral blood pressure 
curves of our preparations seem identical with 
these secured in living subjects except that in 
many of our records the dicrotic notch is less 
prominent. We attribute this to the absence of 
functioning aortic valves in our preparation, 
in which the reflected pulse wave must over- 
come the resistance in the syringe before the 
piston is forced back against the next tooth 
of the ratchet. This does often take place and 
a notch appears on the blood pressure curve 
at this instant. 

The pulse wave velocities in our subjects 
vary widely with their age, with the degree of 
arteriosclerosis, and with the diastolic pressure 
employed. The pulse wave velocities of living 
persons vary similarly, and we see no note- 
worthy difference between our results and those 


to be expected from experience in the clinic. 
Thus, as far as the systemic circulation is con- 
cerned, we have sought diligently for dif- 
ferences between the results secured in our 
cadavers and those expected in living subjects 
and have found very few. 

Studies of the pulmonary side of our subjects 
have disclosed more differences from the 
normal. The pulmonary diastolic pressure, 
measured before each systole, was set at a 
normal level, but the peak of the pulmonary 
systolic pressure, measured in five systoles in 
two cadavers, was always higher than corre- 
sponding measurements in healthy persons 
would have led one to expect. Thus in two 
systoles of experiment 29 with pulmonary dias- 
tolic pressures of 0 and 3 mm. Hg the pul- 
monary systolic pressures measured from the 
top of the spike were 39 mm. Hg in both. 
Obviously, there was more resistance in the 
lungs of our subjects than normal, doubtless 
because the lungs were collapsed, and possibly 
also because terminal pneumonia and pulmo- 
nary edema were found frequently in our prepa- 
rations. 

Finally, the ballistocardiograms in our ex- 
periments are identical with those found in 
living subjects as far as the main systolic 
waves are concerned. But there is no “H” 
wave in any of these records, and in early di- 
astole the pattern of small L waves followed by 
larger N waves, often but not always seen in 
healthy persons, occurs very rarely. 

By means of Bazett’s formula’ a ‘‘pulse rate 
per minute” can be estimated for each systole 
in our experiments, from the measured duration 
of ejection and by making an allowance of 
one-sixth the duration of systole for the pre- 
ejection phase of cardiac contraction. The value 
obtained can be applied to the stroke volume 
measured to give a “cardiac output per 
minute” for each of our “‘systoles,” and by 
using the subject’s surface area a ‘cardiac 
index” as well. The range of these results in 
our experiments is given in table 8, in which 
the range of our other measurements is also 
shown. This table shows clearly that we have 
worked within the range of values found in the 
clinic. The great diversity of physiologic con- 
ditions found in our experiments was delib- 
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erately sought. The lowest of our “shock” 
experiments might be criticized as being con- 
ducted at levels seen only in moribund patients, 
but to us they do not lose interest on that 
account. 

The experiments described have identified 
two factors of primary importance in the 
genesis of the ballistocardiogram, the energy of 
systole and the manner in which that energy is 
applied. Both deserve discussion and the first 
is subject to certain qualifications. 

By the physical laws of the pendulum one 
can calculate the energy delivered by the 
mallet which, by driving in our syringe pistons, 
simulated systole; we have used the results of 
such calculations as the basis of comparison 


TABLE 8.—Ranges of Physiologic Measurements in 
these Experiments 


Highest | Lowest 


Age of subjects (years).... hicdosael Gee 43 
Weight of subjects (Kg.).......... 98 43 
Systolic blood pressure (mm. Hg)..... 277 45 
Diastolic blood pressure (mm. 


Hq).. pate ; 141 19 
Pulse wave velocity (M./sec.) .| 12.9 3.9 


Duration of ejection (sec.)......... 0.64 0.19 
Pulse rate (estimated) (per min.)....| 200 30 
Stroke volume (cc.)................| 69 22 
Cardiac output (estimated (L./- 

min.) . eats Pete ty 6.4 0.78 
Cardiac index (estimated) (L./- 


min./M.?) 4.4 0.4 


with ballistocardiogram amplitudes in figure 
3. But a large portion of the energy applied is 
lost by friction in the syringes; the expectation 
from other piston systems is that over 80 per 
cent will be so lost. By analysis of our curves we 
have the data to calculate the energy de- 
livered directly into the aorta but to discuss 
this now is to exceed the scope of this paper; 
we plan to present data based on dynamic 
analysis of the curves in later communications. 
Here we are content to assume that the energy 
transmitted to the great vessels will vary 
directly with the force of the blow; indeed, 
experiments cited in figure 3 satisfy us that 
this is the case. 

Experiments in which the force of the 
systolic blow was varied were made in each 


of the six cadavers perfused with blood and 
in each of the 18 perfused with water in this 
series; these experiments were usually made 
more than once in each cadaver. When other 
conditions were kept constant we encountered 
no instance in which a larger systolic blow was 
not followed by an increased amplitude of the 
ballistocardiogram as judged by the I + J 
distance. This was almost always true of the 


‘J + K distance also, but this measurement 


behaved with a little more variability than the 
I + J distance, as the statistics given in the 
tables show. Obviously therefore, the kinetic 
energy imparted to the blood by the heart’s 
contraction is a major factor in the amplitude 
of the ballistocardiogram. 

But the results of the experiments on chang- 
ing the padding on the mallet indicate that 
there is a second factor of major importance. 
Again the results of our experiments were 
completely consistent. Neither in the cadavers 
perfused with blood, nor in those perfused with 
water have we ever encountered an experiment 
in which, the blow and pressure remaining 
constant, an increase in the padding on the 
mallet was not followed by a decreased ampli- 
tude of the ballistocardiogram; often this 
decrease was profound. Obviously, therefore, 
in addition to the energy of the cardiac blow we 
have demonstrated a second factor of major 
importance in the interpretation of ballisto- 
cardiogram amplitude. 

The nature of this effect can be readily 
realized by readers without mathematical 
background by drawing an analogy to driving 
a nail with a hammer. As the iron of the 
hammer strikes that of the nail the energy of 
the former is delivered to the latter almost 
instantaneously, and the nail is driven in. 
But if one places a rubber pad over the head 
of the hammer and strikes the same blow, the 
nail is moved little if at all; for the energy of 
the hammer blow, although its total is the 
same as when no pad was present, is no 
longer delivered instantaneously but spread 
out in time. Thus to drive a nail one needs 
energy delivered in concentrated form; one 
needs a high energy per unit of time. The 
ballistocardiogram evidently depends on the 
energy per unit of time delivered by the heart, 
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and energy per unit of time is properly defined 
as a form of power. So it is proper to think of 
the amplitude of the ballistocardiogram as 
measuring the heart’s power. 

The question then arises, are there factors in 
the body which might disturb the usual 
relationship between cardiac power and bal- 
listie amplitude and so interfere with the 
proper estimation of the heart’s power from 
that record? We have investigated two such 
factors, the height of the blood pressure and 
the presence of arteriosclerosis. 

The results indicate that the effect of 
changes in blood pressure on the amplitude of 
the ballistocardiogram for a given systolic blow 
is so small that it appears almost negligible. 
The statistics cited in table 6 show clearly 
that it takes a change of blood pressure of a 
magnitude seldom seen in the clinic, and a 
large number of experiments, to establish that 
there is any significant effect at all. When 
blood pressure is altered in our experiments, 
large and highly significant effects on cardiac 
output, duration of ejection and pulse wave 
velocity are demonstrated readily; in contrast 
the amplitude of the  ballistocardiogram 
changes very little. But with enough experi- 
ments a significant correlation can be demon- 
strated and the slope of the regression given in 
table 9 could be used to correct the relation of 
the ballistocardiogram to cardiac power in 
patients studied under conditions in which 
diastolic blood pressure varies greatly, if such 
a small correction seemed worthwhile. Thus, 
if in any experiment the diastolic blood pres- 
sure increased 30 per cent, an 11 per cent 
diminution in the I + J distance should be 
attributed to this and not to a coincidental 
change in cardiac power. 

The reason why differences in blood pres- 
sure alter the relation of ballistic amplitude to 
cardiac power was sought by the technic of 
partial correlation and the results are given in 
table 9. The changes of blood pressure in our 
experiments are strongly correlated with 
changes in pulse wave velocity, as was to be 
expected from old physiologic conceptions.’ 
‘hat an increase in pulse wave velocity could be 
expected to diminish the amplitude of the 
ballistic response to a given cardiac output 
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was realized early,’ the higher the pulse wave 
velocity the more overlapping of the forces 
delivered in opposite directions and the 
smaller the resultant which escapes to move the 
body. But it was also stated® that this effect 
was judged to be small, and this view now has 
experimental confirmation. 

If this relation between pulse wave velocity 
and ballistic amplitude is neutralized by mathe- 
matical means, differences in blood pressure are 


TaBLE 9.—Correlation Coefficients and 
Regression Equations 


Level of 
Correlation | Signifi- 
Coefficient cance 

> = 0.05 


Number Relation 


1 Change in pulse wave! 
velocity (%)  and| 
change in I + J dist- 
ance (%) 

2 Change in diastolic pres-| 0.81 0.36 
sure (%) and change in| 
pulse wave velocity 
(%) 

3 Change in diastolic pres- 
sure (%) and change in 
I + J distance (%) 


—0.77 0.36 


—0.63 0.36 


Partial Correlation 
Change in diastolic pres- 
sure (%) and change in| 
I+ J distance (%) in- 
dependent of pulse 
wave velocity 
fo31 = —0.02 
(¢2.3.1 = 0.195) 





Regression Equation 
Change in I+J (in %) = —0.36 [change in di- 
astolic pressure (in %)] 
Standard deviation about the regression (c,:) = 


3.9% 


no longer correlated with the amplitude of the 
ballistocardiogram and so it may be concluded 
that blood pressure changes affect the ballisto- 
cardiogram by altering pulse wave velocity. 

In our study of the effects of arteriosclerosis 
we were forced to use different subjects in each 
pair, so there were factors other than the 
presence and absence of this abnormality 
which differed within the pairs, and such 
factors might play a part in the result secured. 
Thus our three arteriosclerotic subjects were 
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much older than the three controls; they died 
of different causes and on the average, weighed 
less. Doubtless other differences between the 
two groups could be found, and results secured 
from such a series of pairs do not quite have the 
finality of those secured when experiments 
made on the same subjects are paired. Also in 
a forthcoming publication we will submit data 
demonstrating that body size of itself has an 
effect on the ballistocardiogram, and, our ar- 
teriosclerotic subjects being smaller, part of the 
difference between the ballistocardiograms of 
the two groups is due to this. But after correc- 
tion for the difference in size, the arteriosclerotic 
subjects still have significantly larger I + J 
amplitudes, ¢ being 2.65, so our finding is not 
explained by the difference in size of the sub- 
jects. Therefore, it seems proper to ascribe the 
differences found in our experiments to the 
arteriosclerosis which was present; indeed, our 
results confirm much that has been long known 
about this condition, as well as adding much 
that was new to us. The increased pulse wave 
velocity demonstrated in our arteriosclerotic 
subjects has long been known,’ as has the in- 
creased peripheral resistance which can be esti- 
mated from our data. We were surprised that, 
after the systole of standard energy, arterio- 
sclerosis caused a diminution in stroke volume 
rather than a significant increase in pulse pres- 
sure; one cannot diagnose arteriosclerosis from 
the pulse pressure alone in our experiments. 

In contrast to these highly significant ef- 
fects the influence of arteriosclerosis on the 
amplitude of the ballistocardiogram is less 
striking; only in the case of the I + J distance 
does it attain significance. However, we note 
that it is the striking differences secured in our 
oldest and most arteriosclerotic subject which 
make the data significant; if the four results on 
subject R.R. are omitted, the average I + J 
difference is more than halved and ¢ falls to 
0.87; so our results suggest that only in ad- 
vanced cases would a significant effect be ex- 
pected. 

The reason for this larger ballistocardiogram 
in arteriosclerotic subjects deserves discussion. 
The increased pulse wave velocity is not re- 
sponsible; this causes changes in the opposite 
direction. The increased mass of blood in the 


dilated aorta may well be a factor, but for 
theoretic reasons*® we are inclined to weight 
another explanation more heavily. Stiffness 
of the aortic wall would alter the normal 
distribution of cardiac energy between po- 
tential and kinetic forms in favor of the latter, 
and it is kinetic energy which is the genesis of 
the ballistocardiogram. This view is supported 
by results secured on cadaver E.I. who died at 
the age of 50 of advanced scleroderma in- 
volving both skin and internal organs, and who 
was perfused with water early in our experi- 
ments. In this case the aorta was not dilated 
and it appeared normal to gross inspection, but 
after a standard blow an abnormally large 
ballistocardiogram resulted, an effect similar 
to that found in our most arteriosclerotic 
subject. 

In any case the effect of peripheral arterio- 
sclerosis, per se, is not responsible for the 
marked diminution in amplitude of the bal- 
listocardiogram found in healthy persons as age 
advances"; its influence is in the opposite di- 
rection. The effect of the increase of blood 
pressure with age is too small to account for 
the diminution found in this amplitude"’; there- 
fore, this diminution has rightly been attributed 
to a decrease of cardiac power as age advances."” 


SUMMARY 


During the iast three years our technic for 
the simulation of systole in cadavers at 
necropsy has been much improved. At present, 
blood instead of water is used as perfusing 
fluid; systoles are powered by a known energy; 
blood pressure is measured simultaneously in 
both central and peripheral vessels. Since the 
last report! we have performed 305 simulated 
systoles in 24 cadavers, blood being used as 
perfusing fluid in 65. 

By the method of paired experiments we 
have investigated the effect of changes in 
“cardiac function” on the amplitude of the 
ballistocardiogram and also the effect of 
peripheral factors which might of themselves 
influence the ballistic amplitude. 

Increase in the energy of the “cardiac” 
blow regularly increased the amplitude of the 
resulting ballistocardiogram, other factors 
being held constant. 
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Softening the “systolic”? blow by increased 

/adding on the mallet markedly diminished 
he amplitude of the resulting ballistocardio- 
ram even though the total energy of the blow 
emained the same. The ballistic amplitude is 
herefore determined by energy delivered per 
nit of time, thus by a form of power. 

Large changes in blood pressure had only a 
mall effect on the ballistic amplitude follow- 
ig a given blow, an effect to be attributed to 
he change in pulse wave velocity resulting. 

Marked arteriosclerosis appeared to cause a 
ignificant effect, the ballistic amplitude being 

consistently larger than expected for a given 
blow in our oldest and most arteriosclerotic 
subject. When all the results were averaged 
i+J was significantly larger in the older and 
more arteriosclerotic subjects, but J+K was 
not. 

In each subject as blood pressure was in- 
creased the pulse wave velocity also increased. 
Under comparable conditions the older and 
more arteriosclerotic subjects had faster pulse 
wave velocities than did the younger group who 
were either without vascular lesions, or had 
only minor changes. These observations con- 
firm the currently accepted ideas about pulse 
wave velocity. 

In our older and more arteriosclerotic sub- 
jects a standard systole caused a significantly 
smaller stroke volume than in our younger 
subjects, and the expected increase of pulse 
pressure in the arteriosclerotic subjects did not 
appear. 
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Sumario EspaNou 


iste articulo describe los resultados obteni- 
dis durante los ultimos tres afios con mayor 
 iasis en aquellos obtenidos desde el desarrollo 
ad: la téenica que permite el uso de sangre 


compatible como fliido de perfusién. Usando el 
método de experimentos pareados, datos se han 
obtenido de los efectos en la onda del pulso y 
el balistocardiograma, consiguientes a cambios 
en la energia total de un sistole simulado, 
cambios en la manera que la energia se aplica 
durante el sistole, cambios en resistencia deter- 
minados mediante la presién diastélica, y la 
diferencia en el grado de arterioesclerosis pre- 
sente en varios sujetos. 
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Observations on the Hemodynamic Properties 
of a Thiophanium Derivative, Ro 2-2222 
(Arfonad), in Human Subjects 


By N.S, Assaut, M.D., Roy A. Dovetass, Jr., M.D., anp Roy SuyemMoro 


Observations on the hemodynamic properties of a thiophanium derivative (Arfonad) have been 
made on normotensive nonpregnant and pregnant subjects and on patients with hypertensive com- 
plications of pregnancy. The drug was given by single intravenous injections and by intravenous 
drip infusion. The hypotensive effects of single injections were compared with those of a standard 
tetraethylammonium chloride (TEAC) test. The authors observed that the hemodynamic effects of 
Arfonad were similar in some respects to those of tetraethylammonium chloride or spinal anesthesia. 
A fall in the cardiac output occurred when the blood pressure fell following Arfonad administration. 
The authors discuss these hemodynamic effects in terms of differences in response to ganglionic 
blocking agents of the various groups of subjects studied. 


NIMAL EXPERIMENTS carried out 
by Randall and his associates' have 
shown that the pharmacologic activi- 

ties of certain thiophanium derivatives are 
similar in many respects to those of tetra- 
ethylammonium ion. The vasodepressor action 
of one of these compounds, d-3,4 (1’,3’- 
dibenzy]-2’-keto-imidazolido)-1 ,2-trimethylene 
thiophanium d-camphor sulfonate, known by 
its code number as Ro 2-2222 or commercially 
as Arfonad,* was found to be 30 times more 
potent than tetraethylammonium. Sarnoff and 
his associates* administered Arfonad to animals 
as well as to normotensive and hypertensive 
men and obtained a graded vasodepressor 
effect. which was similar but preferable to 
spinal anesthesia. These authors also observed 
a blockade of the pressor response to cold and 
a rise in the skin temperature of the lower ex- 
tremities. They concluded that the action of 
this drug is similar in some respect to that of 
ganglionic blocking agents. Green*® gave the 
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drug to normotensive subjects and also ob- 
served a marked rise in the skin temperature 
of the lower extremities, without much change 
in that of the upper extremities. McCubbin 
and Page,! on the other hand, believe that 
Arfonad in dogs acts directly on the vessel 
walls, the ganglionic blocking effects playing 
a minor role. 

The present study was undertaken in order 
to investigate some of the hemodynamic effects 
of Arfonad in pregnant subjects. In previous 
studies®: * we have shown that normotensive 
pregnant subjects respond with a marked fall 
in blood pressure to autonomic blocking agents | 
in contrast to patients with toxemia of preg- [7 
nancy in whom the response is negligible. It 
was thought that these contrasting results 
observed in these two groups of patients to- 
gether with determination of responses to [ 
Arfonad in similar groups of subjects might | 
throw light on the hemodynamic activities of | 
Arfonad. 


MATERIAL AND METHODS 


The material consisted of 56 subjects comprising 
the following groups: (a) 10 normotensive non- 
pregnant subjects, (b) 20 normotensive pregnant 
subjects in the last trimester of gestation, (c) 10 
patients with acute toxemia of pregnancy, and (\1) 
16 patients with essential hypertension associated 
with pregnancy. 

The diagnosis of acute toxemia and of essential 
hypertension was made according to the criteria 
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outlined elsewhere.® All the patients were studied 
after they had been at bed rest in the hospital for 
ap» roximately 24 hours. Arfonad was given by single 
intravenous injections in dosages varying from 0.03 
to 0.2 mg per kilogram of body weight or by intra- 
ve ious infusion in a solution of 5 per cent glucose 
an | water containing 2 mg. of Arfonad per cubic 
ce timeter. Single injections of different doses and 
intravenous infusion of the drug were frequently 
gi’ en to the same patient. The response to the effec- 
tive single dose was compared with that to 400 mg. 
of tetraethylammonium chloride (TEAC) in the 
saine subject. 

‘ontrol blood pressure readings (sphygmomanom- 
eter) were taken in the supine position every one 
to two minutes for about 10 minutes prior to injec- 
tion of the drug. Thereafter, readings were taken 
evcry half or one minute until the blood pressure 
had returned to preinjection levels. The mean ar- 
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Fic. 1. Effects of single doses of Ro 2-2222 on the blood pressure and pulse rate in normal pregnancy 
as compared with astandard test with 400 mg. of tetraethylammonium chloride (TEAC)’. Note that 
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three others were given 0.05 mg. per kilogram; 
two received 0.07 mg. per kilogram and two 
received 0.09 mg. per kilogram. None of these 
patients showed any significant vasodepressor 
effect. Moderate tachycardia was present in 
the patients who received 0.07 and 0.09 mg. 
per kilogram. 

The remaining normotensive pregnant and 
essential hypertensive pregnant patients re- 
ceived intravenous injections of Arfonad in 
doses varying from 0.1 to 0.2 mg. per kilogram. 
In this dosage, the drug evoked a significant 
fall in blood pressure which paralleled that pro- 
duced by the injection of 400 mg. of tetra- 
ethylammonium chloride (fig. 1). The vaso- 
depressor action of the single dose lasted‘ for 
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there was insignificant difference between the effects of 0.1, 0.13, 0.15 mg. per kilogram and the TEAC 


test. 


terial pressure was computed by adding one-third 
of the pulse pressure to the diastolic pressure. 
Pulse rate was counted from the radial or carotid 
artery. Skin temperature was recorded by means of 
au Rauh pyrometer in a room kept at constant 
temperature. Cardiac output was measured by a 
high frequency ballistocardiograph.’ It has been 
shown that this method is sufficient to give relative 
va'ues for cardiac output before and after the ad- 
ministration of the drug. The one-minute cold pres- 
so: tests and the Valsalva maneuvers were performed 
ove before and two to three times after the ad- 
nsistration of the drug. Detailed studies of renal 
fii tion were made on some of these patients and 
. be reported in a subsequent paper.® 


RESULTS 
!. .ffects of Single Intravenous Injections 


hree normotensive pregnant subjects were 
gi. on single injections of 0.03 mg. per kilogram; 






3 to 10 minutes although in two normotensive 
pregnant subjects who received 0.15 mg. per 
kilogram the blood pressure remained low 
for approximately 30 minutes. At the height 
of hypotension, the pulse rate increased by an 
average of 30 beats per minute. 

The toxemic and normotensive nonpregnant 
subjects were similarly given single doses of 
0.1 to 0.2 mg. per kilogram. The fall in blood 
pressure in these two groups was less significant 
than in the previous groups. The pulse rate 
increased slightly in some cases and remained 
unchanged in others. No significant side effects 
such as dryness of the mouth and blurring 
of the vision were observed in any of the 
patients who received Arfonad in single injec- 
tions. 
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2. Effects of Intravenous Infusion 


This method of administration was used in 
10 normotensive pregnant, 5 normotensive 
nonpregnant, 10 toxemic, and 12 essential 
hypertensive pregnant subjects. Arfonad was 
given in a solution containing 2 mg. per cubic 
centimeter, and the rate of infusion was regu- 
lated as to secure a significant fall in blood 
pressure. The response to the drug in these 
patients was taken as the average of the three 


BLOOD PRESSURE RESPONSE TO Ro2-2222 


Normotensive Normotensive Toxemic Essential 
Non-pregnant Pregnont Pregnancy Hypertension 


i 


O Systolic 
@ Diastolic 


mm. Hg 


% Of BLOOD PRESSURE FALL 


Fic. 2. Mean blood pressure response of the pa- 
tients studied with intravenous infusion of Ro 2-2222. 
The maximum response was calculated from the 
average of the three lowest blood pressure readings 
during the infusion and plotted as per cent of the 
average control blood pressure. Note the marked 
fall in the blood pressure of normotensive pregnant 
and essential hypertensive pregnant subjects in con- 
trast to the smaller fall in the blood pressure of toxe- 
mic and normotensive nonpregnant groups, despite 
the fact that the average rate of infusion in the last 
two groups was much higher (see text). 


lowest blood pressure readings observed during 
the infusion. 


A. Blood Pressure and Pulse Rate. Normal 
pregnant and essential hypertensive pregnant 
subjects responded in the same manner to 
infusion of Arfonad. In the normotensive group, 
there was an average fall of 37 per cent in 
the systolic and 46 per cent in the diastolic 
blood pressure, the rate of infusion varying 
from 3 to 8 mg. per minute; in the hyperten- 
sive group, the fall averaged 32 per cent systolic 
and 49 per cent diastolic blood pressure, the 


rate of infusion varying from 6 to 18 mg. per 
minute (fig. 2). In all but three normotensi\e 
pregnant subjects, the vasodepressor action 
could be maintained for as long as the infusion 
was continued. In these three instances the 
vasodepressor action persisted for half an hour 
after the interruption of the infusion and then 
began to recede gradually. The majority of 
patients showed insignificant changes in pulse 
rate during the infusion. In four normotensi\ e 
subjects the pulse rate increased about +0 
beats per minute but returned to control leve s 
while the blood pressure was still low. 

Three normotensive pregnant subjects weie 
given intravenous injections of 25 my. 
ephedrine during Arfonad infusion. In each 
instance the blood pressure returned im- 
mediately to or became higher than the con- 
trol levels (fig. 3). 

Intravenous infusion of the drug to normo- 
tensive nonpregnant subjects in doses varying 
from 8 to 60 mg. per minute resulted in a fall 
in blood pressure to approximately 10 per cent 
of the control level (fig. 2). Tachycardia was 
present in two cases, but in the others the pulse 
rate did not change. 

In the toxemic group, the intravenous in- 
fusion of Arfonad in doses varying from 8 to 
30 mg. per minute produced an average fall of 
22 per cent in systolic and of 17 per cent in 
diastolic blood pressure (fig. 2). Again, the 
pulse rate remained unchanged in the majority 
of cases. 

B. Cardiac Output and Peripheral Resistance. 
Estimations of cardiac output and peripheral 
resistance were carried out on five normotensive 
pregnant, three essential hypertensive preg- 
nant, and two normotensive nonpregnant sub- 
jects (table 1). Two to three determinations 
were made during the control period and 7 to 
12 determinations during and after the infusion. 

The normotensive pregnant and _ essential 
hypertensive pregnant patients who showed a 
significant fall in the blood pressute, also 
showed a decrease in the cardiac output vary- 
ing from 0.5 to 2.2 liters per minute (table 1). 
The fall in the cardiac output was closely re- 
lated to the fall in blood pressure and was § 
mainly due to a decrease in the stroke volume § 
(fig. +). When the blood pressure did not change 7 
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Fic. 3. The effect of Ro 2-2222 infusion in normotensive pregnancy. The initial rate of the infusion 
was 16 mg. per minute. This produced a severe drop in blood pressure with signs of circulatory col- 
lapse. These were improved and the blood pressure was kept around 90/50 by frequently readjusting 
the rate of infusion. The variations in blood pressure readings were probably due to variations in the 
rate of infusion. Note that the pulse rate showed insignificant changes. At 48 minutes, 25 mg. ephe- 
drine were given intravenously. This produced a marked rise in the blood pressure. 


TaBLE 1.—Cardiac Output and Total Peripheral Resistance Before and After Arfonad in Two Normal Nonpregnant 
Women, Five Normal Pregnant Women and Three Hypertensive Pregnant Women 


Control After Arfonad 


Mean — 
Arterial | Pulse | _ 
Pressure | I 


Patient Diagnosis Total as Mesa mae Total 
Periph. | Arterial Pulse ae Periph. 
Resist. (Pressure P Resist. 


Normal pregnant 88 82 yy 16.9 63 ¢ ‘ 14.3 
Normal pregnant PGB Be |. Be 16.0 54 ¢ : 10.2 
Normal pregnant 86 84 | 4. 17.9 56 A 14.0 
Normal pregnant 95 88 | 6. 15.6 53 : 10.6 
Normal pregnant | 83 ; W.2 ; 9.2 


89 a 3 ‘ Bee 


“ssential Hypert. (preg.) | ¢ : ; “ 17.5 
Essentia! Hypert. (preg.) 130 8 9. : 16. 
Essential Hypert. (preg.) | 148 84 Be} , | -O6F | 4. 20. 


18. 
Normal nonpregnant | : ‘ | 5. 14. 
Normal nonpregnant } § : : | ¢ 7 | 14.§ 
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significantly, the cardiac output remained 


relatively unchanged. 


'2) FB.L- Normal Pregnancy 
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Liter / Minute 
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Fic. 4. Cardiac output determinations during Ro 
2-2222 infusion. In this patient the cardiac output 
was reduced by about 2 liters at the height of blood 
pressure fall. Note the close relationship between 
blood pressure and cardiac output changes. 


SKIN TEMPERATURE 
94) EH-Normal Pregnancy 


TEMPERATURE 


Right Foot 


® 
o 


TIME IN MINUTES 

Fic. 5. Skin temperature changes during Ro 2-2222 
infusion. This patient had a marked fall in blood 
pressure during the infusion. Note the marked rise 
in the temperature of the lower extremities and the 
negligible changes in that of the upper extremities. 
Similar changes were observed in all the subjects 
studied. The changes in the skin temperature did not 
show any relationship to the blood pressure response. 


Total peripheral resistance was calculated 
Pm, 
from the formula: R = CO 


total peripheral resistance, Pm average estima- 


where F represents 


tions of mean arterial pressure and CO average 
values for cardiac output. The values for total 
peripheral resistance in the normal nonpreg- 
nant and normal pregnant subjects were ap- 
proximately the same but they were slightly 
higher than normal values reported by Goldring 
and Chassis.'° The values for the essenti:| 
hypertensive pregnant group were similar to 
those reported by these authors. Arfonad pro- 
duced an average fall of 24.8 per cent in the 
peripheral resistance of the normotensive prey- 
nant group and 18.8 per cent in the essenti:] 
hypertensive group. In the normotensive non- 
pregnant subjects the change was slight. 

C. Skin Temperature. Three normotensive 
pregnant, two toxemic and two normotensive 
nonpregnant subjects were studied. The 
patients were maintained recumbent in a 
constant temperature room with the larger 
portion of the body uncovered for at least 
half an hour. Readings were then taken from 
different areas but additional attention was 
given to changes in the temperature of the 
extremities. In all patients, infusion of Arfo- 
nad was followed by a rise of 4 to 8 degrees 
in the skin temperature of the lower extremi- 
ties, the temperature of the upper extremities 
remaining practically unchanged (fig. 5). The 
changes in skin temperature showed no rela- 
tionship to the magnitude of blood pressure 
fall. 

D. Vasopressor Reflexes. Five normotensive 
pregnant, two normotensive nonpregnant and 
four essential hypertensive pregnant patients 
were subjected to cold pressor tests by im- 
mersing the hand to the wrist in ice water for 
one minute. Some of these patients were studied 
with both single injections and intravenous in- 
fusion of Arfonad. All patients showed in the 
control period, a pressor reaction to cold of 
varying magnitude. After the administration 
of the drug the pressor reaction was partially 
or totally abolished (fig. 6). 

The pressor response to the Valsalva ma- 
neuver was also studied in some of these 
patients. In all but one case, there was a partial 
or total blockade of the Valsalva ‘‘overshoot.” 

Postural hypotension was present in nearly 
all patients studied with intravenous infusion, 
but could not be detected after single injec- 
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tins, probably because of the short duration 
o| the action of the drug. 

I}. Side Effects. Yawning and a sensation of 
wumth were the only complaints of the 
pitients who did not have a significant fall in 
b ood pressure, even when Arfonad was given 
a a rate of 30 to 60 mg. per minute. When 
severe hypotension occurred, nausea, vomiting, 
pullor, dizziness and other signs of circulatory 
collapse were present. These symptoms sub- 
siled rapidly when the blood pressure was ele- 
vited to control levels either by raising the 
lower extremities to an angle of 90 degrees or 
by injection of 25 mg. of ephedrine intra- 
venously. 

E.B., NORMAL PREGNANCY 
PREPARTUM- 6-29-51 
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Fic. 6. This patient was one of the two who had 
prolonged response to a single injection of 0.15 mg. 
per kilogram. Note the marked pressor reaction to 
cold in the control period and the elimination of this 
reaction after Ro 2-2222. 


DiscussIoN 


Randall and his co-workers! demonstrated 
in animals that the blocking effects of Arfonad 
were exerted mostly at the ganglionic level 
of sympathetic and parasympathetic pathways. 
Tiese authors were able to produce a blockade 
of transmission through the superior cervical 
ga glion and through the carotid sinus reflex 
al! blockade of the vagus action on the heart. 
They were unable to show any neuromuscular 
blu-king action. The ganglionic blocking and 
va~depressor effects of Arfonad could be 
counteracted by neostigmine and ephedrine. 

~arnoff and associates? administered Arfonad 
to ‘iypertensive patients with heart failure by 


intravenous drip infusion and obtained a graded 
reduction of arterial pressure concomitant with 
a fall in pulmonary venous pressure. 

The present data on the vasodepression pro- 
duced by Arfonad in pregnant human subjects 
are in close agreement with those presented by 
Sarnoff and his associates. In our patients who 
showed a fall in the blood pressure, the hypo- 
tension could be regulated to a desired level 
by merely changing the rate of infusion. Al- 
though in three patients there was some indica- 
tion of presence of cumulative effect, in the 
majority, the blood pressure returned to con- 
trol levels shortly after the interruption of 
infusion. 

Sarnoff? observed increased cardiac output 
at the height of hypotension after Arfonad. 
In our cases, there was a decrease in the cardiac 
output whenever the blood pressure fell sig- 
nificantly. Similar reduction in cardiac output 
has been reported following induction of high 
selective spinal anesthesia in pregnant women.° 
The discrepancy between our results and those 
reported by Sarnoff and his co-workers may 
be due to a difference in the type of patients 
studied. While their patients were in heart 
failure, presumably with a low output, ours 
were healthy young subjects with normal out- 
put. Further studies are in progress in order to 
elucidate this question. 

Concomitant with the decrease in cardiac 
output, Arfonad evoked a significant reduction 
in the total peripheral resistance. This was 
to be expected since most of the normotensive 
pregnant and essential hypertensive subjects 
showed signs of peripheral circulatory collapse 
at the height of blood pressure fall. The simul- 
taneous reduction in peripheral resistance and 
cardiac output suggests that in pregnant sub- 
jects Arfonad acts like spinal anesthesia by 
blocking neurogenic impulses to both arteriolar 
and venous system. This blockade probably 
results in pooling of blood in the venous side 
of the circulation, interfering with the venous 
return to the right heart and with right auricu- 
lar filling.5» As in the case of spinal anesthesia, 
raising the legs to an angle of 90 degrees at the 
height of Arfonad induced hypotension was 
sufficient to restore the pooled blood to the 
systemic circulation, thus improving the cardiac 
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output and raising the blood pressure to con- 
trol levels. The similarity between the actions 
of Arfonad and selective spinal anesthesia is 
also evidenced by their identical effects on 
renal hemodynamics. The hypotensive effect 
of spinal anesthesia is accompanied by sig- 
nificant reduction in the renal plasma flow with 
a simultaneous increase in the renal resistance." 
The data on renal hemodynamics obtained with 
Arfonad® closely paralleled that of spinal anes- 
thesia and showed that during the hypotensive 
phase the total peripheral resistance decreased 
while the renal resistance increased. This di- 
vergency in response of the kidneys and other 
segments of the vascular bed indicates that 
there is a difference in the mechanisms which 
control the circulation of blood to various areas 
of the body. Freis and his associates” have 
observed similar differences in their studies on 
the hemodynamic effects of hexamethonium. 

A rise in the skin temperature of the lower 
extremities without a significant change in 
that of the upper extremities after Arfonad 
was observed by Green*® and by Sarnoff and 
associates,” and is confirmed in the present 
study. This phenomenon, unexplained at 
present, would seem to indicate that in the 
lower extremities there is increased vasomotor 
tone which makes this part of the vascular 
bed more responsive to the effects of ganglionic 
blocking agents. 

The present data with single injections of 
Arfonad show that within the range of dosage 
given, the hypotensive effects of this drug are 
not much different from those of tetraethyl- 
ammonium chloride. Whether larger doses 
could evoke different responses cannot be 
stated from these observations. The vaso- 
depressor response observed in normotensive 
pregnant and essential hypertensive subjects 
and the negligible response of normotensive 
nonpregnant and toxemic subjects resemble 
closely the results obtained with both tetra- 
ethylammonium chloride and spinal anes- 
thesia. However, unlike tetraethylammonium 
chloride, Arfonad was very effective in reduc- 
ing the blood pressure and blocking the vaso- 
pressor reflexes when given by intravenous drip 
infusion. The observations of Ulrich and co- 
workers" and of Brust and Ferris‘ have indi- 


cated that intravenous drip infusion of tetra- 
ethylammonium chloride even when given a’ 
a rate which should result in severe toxic side 
effects, does not produce any vasodepresso 
action in normotensive and hypertensive sub 
jects. Also, the side effects peculiar to tetra 
ethylammonium chloride are not observe: 
after Arfonad. Thus, while the effects o 
Arfonad and tetraethylammonium §chlorid 
when given by rapid injection are similar 
Arfonad, unlike tetraethylammonium chloride 
possesses peculiar pharmacologic propertie: 
which also make it effective when given by 
slow intravenous infusion. 


SUMMARY AND CONCLUSIONS 


1. Studies on the hemodynamic effects o: 
Arfonad were carried out on 10 normotensive 
nonpregnant, 20 normotensive pregnant, 10 
toxemic and 16 essential hypertensive pregnant 
subjects. 

2. Arfonad given by single intravenous in- 
jection in doses of 0.1 to 0.2 mg. per kilogram 
produced a significant blood pressure fall in 
the normotensive pregnant and essential hyper- 
tensive subjects which was parallel to the fall 
observed with 400 mg. of tetraethylammonium 
chloride. The same dosage produced a negligible 
blood pressure change in the toxemic and 
normotensive nonpregnant groups. 

3. Intravenous infusion of Arfonad also 
resulted in a marked fall in the blood pressure 
of the normotensive pregnant and essential 
hypertensive groups. In the majority of 
patients, the hypotensive effect lasted for as 
long as the infusion continued. Toxemic and 
normotensive nonpregnant subjects showed 
much less blood pressure fall even when the 
rate of infusion was much higher. 

4. At the height of hypotension, the cardiac 
output and peripheral resistance were signifi- 
cantly reduced, the pressor responses to cold 
and to Valsalva maneuver were abolished, and 
the skin temperature of the lower extremities 
rose more markedly than that of the upper 
extremities. 

5. It is concluded that in human pregnant 
subjects, some of the hemodynamic effects of 
Arfonad resemble those of tetraethylammoniun: 
chloride or selective spinal anesthesia. 
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SumMARIO EspaNou 


Observaciones de las propiedades hemo- 
dinamicas de un derivado de thiophanium 
(Arfonad) han sido hechas en sujetas normo- 
tensas embarazadas con complicaciones hiper- 
tensas del embarazo. La droga se administré 
mediante inyecciones intravenosas  sencillas 
y mediante infusiones a gota intravenosas. 
los efectos hipotensos de inyecciones sencillas 
fueron comparados a aquellos de una prueba 
standard de cloruro de tetraetilamonio (TEAC). 
Los autores observaron que los efectos hemo- 
dindmicos de Arfonad fueron similares en 
algunos respectos a aquellos del cloruro de 
tetraetilamonio o anestesia espinal. Una reduc- 
cién en la produccién cardiaca ocurrié cuando 
la presién arterial disminuy6é luego de la ad- 
ministracién del Arfonad. Los autores discuten 
estos efectos hemodindmicos en términos de 
diferencias en reaccién a los agentes bloquea- 
dores ganglidnicos de los varios grupos de 
sujetos estudiados. 
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Dye Dilution Curves in Cyanotic Congenital 
Heart Disease 


By H. J. C. Swan, Pu.D., M.B., M.R.C.P. (Lond.), J. ZApata-D1az, M.D., 
AND Eart H. Woop, M.D., Pu.D. 


Use of cuvette and earpiece oximeters facilitates the recording of the immediate dilution pattern 
of the dye T-1824 (Evans blue) in the arterial blood. In patients with venoarterial shunts the pat- 
tern of the dilution curves differs from normal. Quantitative analysis of such curves from patients 
with cyanotic congenital heart disease has been undertaken to establish the proportion of blood 
which bypassed the pulmonary circulation. The results obtained have been compared with esti- 
mates of the volume of the shunt from cardiac catheterization data and related to the arterial 


oxygen saturation. 


N IDENTIFIABLE substance injected 
almost instantaneously into the blood 
vessels is diluted in a specific manner 

by the blood stream. Nicholson, Burchell and 
Wood! used cuvette and earpiece oximeters® 
to record continuously the dilution curve of 
Evans blue dye in arterial blood flowing from 
the radial artery and through the heat-flushed 
ears of normal subjects and of patients with 
heart disease. Beard and associates*:* have 
shown that dye dilution curves, obtained when 
radial or femoral arterial blood is drawn con- 
tinuously through a whole-blood cuvette oxim- 
eter, are similar in contour to curves simul- 
taneously recorded by an earpiece oximeter. 
Dye curves recorded by an earpiece oximeter 
are, therefore, an adequate qualitative guide 
to the dilution pattern of dye in the arterial 
blood. 

Dye dilution curves have been obtained for 
patients suffering from both congenital and ac- 
quired heart disease.': *: * In congenital defects 
with a venoarterial or arteriovenous shunt the 
basie pattern of the dye dilution curve is al- 
tered. In such conditions the morphology of 
the curve may indicate the presence, direction 


From the Section of Physiology, Mayo Founda- 
tion, University of Minnesota, and Mayo Clinic, 
Rochester, Minn. 

Part of the material in this paper was presented at 
the meeting of the Central Society for Clinical Re 
search, Chicago, IIl., Nov. 7, 1952. (See Swan, H. J. 
C., Zapata-Diaz, J., Burchell, H. B., and Wood, E. H.: 
Quantitation of venous-arterial shunts in congenital 
heart disease on the basis of dye dilution curves. 
J. Lab. & Clin. Med. 40: 953, 1952.) 


and magnitude of the shunt. The method has 
been extended by the technic of injection of 
dye by way of the cardiac catheter into the 
cardiac chambers and great vessels. In several 
vases this has permitted more accurate locali- 
zation of the defect than would otherwise have 
been possible’ (fig. 1). Quantitation of the vol- 
ume of the shunt from dye curves of peripheral 
blood would be of considerable value, and 
Broadbent and associates’ have reported a 
method of analysis of the dye curves obtained 
from patients with arteriovenous (left-to-right) 
shunts. Prinzmetal* reported four cases of veno- 
arterial shunt in which he attempted to esti- 
mate the volume of the shunt from the ether 
and saccharine circulation times. It is the pur- 
pose of this paper to outline a method of 
analysis whereby the proportion of aortic flow 
which has bypassed the lungs via the defect 
can be estimated from the dye curve of patients 
suffering from cyanotic congenital heart dis- 
ease. 


METHODS 


Dilution curves of Evans blue dye in arterial blood 
were obtained from patients with cyanotic con- 
genital heart disease. Twenty of the 25 patients 
whose dye curves were analyzed for this study under- 
went cardiac catheterization either on the same oc- 
‘asion or within three days of the time that the dve 
was recorded. 

The dye curves were usually obtained according 
to the technic of Nicholson, Burchell and Wood,! 
but, at times, the dye was injected through a 
-ardiac catheter, the tip of which lay in the superior 
vena cava. The dye curves were recorded while tlie 
patient breathed 100 per cent oxygen because tlie 
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oximeters are sensitive to changes either in oxygen interval needed for the dye to pass from the artery 
situration of blood or in concentration of dye, and to the recording instrument. For some of the pa- 
changes in oxygen saturation are usually less likely tients in the series to be reported dye curves had 
\hen the patient is breathing 100 per cent oxygen. been obtained by earpiece oximeters only. 

( ontinuous photographie records were obtained at a Diagnostic cardiac catheterization was carried 
camera speed of 5 mm. per second with a photokymo- out by utilizing strain gauge manometers, cuvette 
graphic recording assembly described elsewhere.? and earpiece? oximeters and a photokymographic 
\easurements of the time and concentration com- recording system.’ The calculations of the volume 
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Fic. 1. Dye dilution curves recorded simultaneously from both ears and the right radial and right 
femoral arteries in a patient with Eisenmenger’s complex. The dilution curves were recorded follow- 
ing injection into the pulmonary artery (left panel) and brachial vein (right panel). The contours of 
the dilution curves recorded from the four sites in each panel were similar. The delay in appearance of 
the dye at the cuvette oximeters is due to the time required for the blood to pass from the intra- 
arterial needle to the recording portion of the instrument. The differences in the magnitude of the 
recorded deflections are due to unequal sensitivities of the four oximeters. (Note oxygen calibration 
scales upper left corner.) The random variations in the oximeter curves before and after the injections 
of dye are caused by spontaneous variations in oxygen saturation resulting from changes in the veno- 
arterial shunt associated with the respiratory cycle. Note in both panels the rise in arterial satura- 
tion at A’ resulting from the increased respiratory effort at A. Such spontaneous variations, when 
they occur, are the chief difficulty in the analysis of dilution curves in cases of cyanotic congenital 
heart disease. Note also the presence of the shunt pattern when the injection was made into a systemic 
vein and the absence of the shunt pattern when the injection was made into the pulmonary artery 
proving that the defect was proximal to the pulmonary artery. 


ponents of the dye curve were made directly from 
the photographic record. 
The time components of a normal dye curve are 
presented in figure 2. This figure is similar to one 
published in an earlier report,’ except that the term, 
‘passage time” (PT) now replaces “clearance time,’ A.T.= Appearance Time 
and “maximal concentration time’ (MCT) has been adie ee 
substituted for the term “peak time.” The com- a hea 


= D. T. = Disappearance Time 
penents were defined and the average and range of | 10 R.T.= Recirculation Time 
. . . . sec is 
va 'ues obtained in normal subjects were reported in 11s 


th: previous publications.’ 3 Fig. 2. Method of measurement of the circulation 
in this study dye curves recorded by an earpiece times and time components of a dilution curve of 


ox eter have been used, but the dye curves ob- Evans blue dye in the arterial blood of a normal 
tained by cuvette oximeter from blood flowing from subject. 


a ‘adial or other systemic artery could have been 
usel equally well. If the latter are used, correction of shunted blood were made by the method of 
must be made in appearance and peak times for the Burchell and Wood.'° 
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INTERPRETATION OF DyE CuRVES OF PATIENTS 
WITH CYANOTIC CONGENITAL HEART DISEASE 


Among patients with cyanotic congenital 
heart disease without cardiac failure the dye 
dilution curve differs from normal in that the 
appearance time is usually short, although the 
maximal concentration time is frequently nor- 
mal. In addition there is a secondary hump on 
the build-up slope of the dilution curve and 
the peak deflection is reduced. In figure 3 a 
dye curve obtained from a normal adult is 
contrasted with a curve from a 23 year old 
woman suffering from pulmonary hypertension 
and atrial septal defect who had an oxygen 
saturation of 82 per cent in peripheral arterial 


ATRIAL SEPTAL DEFECT AND PULMONARY HYPERTENSION 


Fic. 3. Dye dilution curves in a normal subject 
(upper panel) and in a patient with cyanotic con- 
genital heart disease (lower panel). Note in the lower 
panel the shorter appearance time and initial hump 
in concentration caused by passage of a portion of 
the dyed blood from right to left through the defect. 


blood while at rest. This abnormal curve, which 
is typical of moderately severe cyanotic heart 
disease, can be explained by the passage of a 
portion of the dyed blood directly from the 
right atrium into the systemic circulation. As 
the passage of this portion of the dyed blood 
to the periphery is not delayed by traversing 
the pulmonary circuit, it arrives at the periph- 
ery earlier than the remainder of the dyed 
blood which passes by the more circuitous 
route through the lungs. This results in an ap- 
pearance time which is less than normal, an 
initial hump in concentration due to the 
shunted blood, followed by, and partially fused 
with, the hump in concentration caused by the 


dyed blood which has traversed the norma! 
circulatory pathway through the lungs. 

In the following paragraphs the normal curve 
(the second hump, fig. 3 lower panel) repre 
senting dyed blood which has passed by way 
of the lungs will be referred to as the primary 
curve, while the “shunt” curve (the initial ab 
normal hump, fig. 3 lower panel) will be re 
ferred to as the secondary curve. These two 
curves represent the division of the dose o! 
dye into two fractions which go by different 
routes to the periphery. 

After the rapid injection of dye into a periph- 
eral vein it is assumed that adequate mixing o! 
dye and blood occurs before the intracardia 
defect is reached; that is, a preferential flow oi 
dye either toward or away from the defect is 
considered unlikely although such a situation 
could arise in the rare condition of a persistent 
left superior vena cava draining into the lefi 
atrium. The primary clearance of dye from the 
heart will result in the passage of a fraction of 
the total amount of dye through the defect in 
the same proportion as blood is passing through 
the defect and passage of a fraction of the total 
amount of dye into the lungs in the proportion 
that blood is passing into the lungs. In other 
words the relative quantities of dye passing 
through the shunt and through the lungs are 
directly proportional to the relative volumes 
of blood flowing by these two routes. 

The dynamics affecting the dilution curves 
of dye in the shunted and unshunted blood 
differ according to the circuit taken. While the 
dye passing through the defect will be in- 
fluenced by a number of complex dilution fac- 
tors in the heart and arterial system, the dye 
passing through the lungs will be affected by 
pulmonary factors in addition. The length and 
capacity of different pulmonary vessels, and 
the rate of flow through them will determine 
the rate at which the dye makes the circuit 
and reaches the left atrium. Therefore, the 
primary curve (normal circulation pathway 
will show a longer passage time (PT) thai 
might be found for the secondary curve (ab- 
normal pathway) in which the dye is clearec 
directly from the right side of the heart int 
the arterial system. For this reason compariso! 
of maximal concentrations may not indicate 
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he true relative magnitude of the quantities of 
ye passing through the two circuits. Neverthe- 
‘ss, the primary and secondary curves still 
present the division of the dye into separate 
ractions at the intracardiac defect. They pos- 
ess components in time and concentration 
vhich together are a measure of the amount 
if dye which passed by each route. 
Inspection of the contour of the dye curve 
uggested that each component could be ex- 
pressed as a right-angled triangle! two sides 
ff which are the build-up time and maximal 
concentration (fig. 4). The area of such a tri- 
angle, to be called the ‘‘build-up triangle,’’ is 
equal to half the product of the build-up time 
and the maximal deflection. In the primary 
curve the maximal deflection is proportional 
to the maximal concentration (MC’) and may 
he measured in centimeters from the base line 
to the peak of the primary curve. In the sec- 
ondary curve the maximal concentration is 
the distance in centimeters from the base line 
to the maximal deflection in the secondary 
curve (MC”). The peak deflection of the sec- 
ondary curve may be indefinite in cases in 
which the shunt is small and in such cases this 
peak concentration is taken to be at the in- 
dentation on the main build-up slope, as shown 
in figure 4 (lower panel). Since absolute quanti- 
tation is not attempted, it is possible to use 
the measurement of concentration in centi- 
meters, and conversion into units of concen- 
tration of dye is unnecessary. The build-up 
time of the secondary curve is the interval 
between the first appearance of the dye and 
ihe time of maximal concentration of the sec- 
ondary curve (BT”). Therefore, three of the 
required measurements may be obtained di- 
rectly from the record. However, it is necessary 
‘oO estimate what the build-up time of the 
primary curve would have been if no shunt of 
ive had taken place. Because of the symmetry 
| dye curves it appeared possible to determine 
he build-up time by its relation to another 
ariable which could be measured on the ab- 
ormal dye curve. In 42 dye curves obtained 
rom individuals with varying cardiac outputs 
ut no intracardiac defect a positive correla- 
ion (r = 0.95) was found between appearance 
ime (AT) and maximal concentration time 


(MCT). The ratio AT: MCT averaged 0.56 + 
0.007.* In the abnormal dye curves the maxi- 
mal concentration time was measured and from 
this figure the theoretic appearance time for 
the primary component was calculated (AT’ = 
0.56 MCT). The build-up time of the primary 
curve was then obtained (BT’ = MCT — 
AT’, or BT’ = 0.44 MCT). 

It is important to know the relationship be- 
tween the build-up triangle and the whole curve 
which it is taken to represent, for the object of 
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10 seconds—> 


Fic. 4. Method of measurement of the build-up 
triangles for calculation of venoarterial shunts from 
dye dilution curves recorded from patients with cy- 
anotic congenital heart disease. In the primary curve 
(second peak from injection) thé components are 
MC’, maximal concentration, and BT’, build-up 
time. In the secondary curve (first peak) the corre- 
sponding values are MC” and BT”. 

The upper panel is a record from a patient with a 
venoarterial shunt calculated by dye method to be 
32 per cent of the systemic blood flow in whom the 
arterial oxygen saturation was 81 per cent. 

The lower panel is a record from a 4 year old boy 
with tetralogy of Fallot. The shunt was calculated 
to be 14 per cent of the systemic flow and the arterial 
saturation was 93 per cent. 


the method is to compare the amounts of dye 
in the component curves. As indicated by 
Warner and Wood," the whole dye curve can 
be expressed, with reasonable accuracy, as a 
triangle the base of which is the passage time, 
with the apex at the point of maximal deflec- 
tion. Analysis of 20 normal dye curves revealed 
a high correlation (r = 0.97) between passage 





* The figure following the + sign is the standard 
error of the mean; N = 42. 
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time and build-up time. The ratio BT:PT 
was 0.38 + .006.* As the area of the whole 
triangle is given by the product of passage 
time and one half of the maximal concentra- 
tion, and the concentration factor is common 
also to the build-up triangle, it is clear that the 
build-up triangle is in fact representative of 
the total dilution curve. Also the build-up tri- 
angle would be unlikely to reflect changes in 
the primary dilution curve due to concomitant 
pulmonary recirculation (left-to-right shunt) 
which not infrequently occurs in association 
with a venoarterial shunt. 

Calculation of the Shunt. If the build-up tri- 
angles of the primary (A’) and _ secondary 
(A”) dye curves are representative of the di- 
vision of dye into two components with subse- 
quent dilution in the blood stream, then the 
sum of both triangles indicates the total sys- 
temic blood flow. The proportion of dye passing 
through the shunt is obtained by the ratio of 
the secondary build-up triangle to the sum of 
both triangles or 


” 


A’ + a” x 100. 

The dye curves of 25 patients were selected 
for study. Those of six other patients were ex- 
cluded from the series as follows: those of two 
who had Ebstein’s disease, those of two who had 
tricuspid atresia in which the appearance times 
were abnormally short but no primary curve 
could be identified, and those of two who had 
ventricular septal defects in association with a 
patent ductus arteriosus with reversal of flow 
in which variations in arterial oxygen satura- 
tion coincident with respiration nearly obliter- 
ated the oximetric recording of the contour of 
the dye curve so that analysis was impossible. 


per cent shunt = 


RESULTS 

The results are given in table 1. In the 17 
adult patients the appearance time was short 
with a mean value of 8.6 seconds (range: 5.2 
to 14.0), the maximal concentration time was 
normal, 25.7 seconds (range: 14.3 to 34.8). Ina 
series of dye curves from normal subjects, the 
appearance time was 14 seconds (range: 10 to 


* The figure following the + sign is the standard 
error of the mean; N = 20. 


19) and the maximal concentration time, 23. 
seconds (range: 16 to 35). 

The volume of the venoarterial shunt as 
‘alculated from the catheterization data in 20 
of our 25 cases has been plotted against the 
values determined by the dye method in the 
same 20 cases (fig. 5). The results obtained by 
the two methods correlated well (r = 0.89) 
however, the volume of shunt calculated from 
cardiac catheterization data averaged 35 (7 t 
60) per cent of systemic blood flow as compared 
to 26 (6 to 42) per cent calculated by the dy¢ 
method. This systematic difference of 9 + 
1.5* per cent between the two methods was 
statistically significant (p < 0.001). The stand- 
ard deviation of the differences between the 
paired determinations from the catheterization 
data and from the dye curve was 7 per cent of 
systemic blood flow or 21 per cent of the 
absolute shunted blood flow. 

The most likely explanation for the system- 
atic difference between the methods was that 
the declining concentration slope of the in- 
itially-occurring secondary curve influenced the 
maximal concentration of the following pri- 
mary curve. This is also an important criticism 
of the method just outlined. If this were the 
case the area of the primary triangle (A’) would 
be overestimated due to the inclusion of a 
falsely high value for maximal concentration. 
Therefore, final calculation would tend to 
underestimate the magnitude of the shunt be- 
cause of a high value for the denominator in 
the fraction given. The figure used for the 
maximal concentration of the primary curve 
was reduced by a third as an arbitrary correc- 
tion factor, thereby eliminating the systematic 
difference between the methods. 

Although rapid sampling of blood from the 
various cardiac chambers by means of a whole 
blood cuvette oximeter increases the accuracy 
of calculation of shunts from catheterization 
data, this method of calculation still serves 
only to give an approximate value. In a num- 
ber of the cases of ventricular septal defeci 
with pulmonary stenosis studied, evidence of 
pulmonary recirculation has been found both 


* The figure following the + sign is the standard 
error of the mean. 
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‘| BLE 1.—Relationship of Appearance and Maximal Concentratiun Times of Evans Blue Dye, the Magnitude of 


he Venous Arterial Shunt Calculated from Data Obtained from Cardiac Catheterization and Dye Dilution Curves, 
to the Levels of Arterial Oxygen Saturation in Patients With Cyanotic Congenital Heart Disease 


Per cent systemic flow 


a Arterial 

By dye By dye Oz per 
method method cent* 
before after 

correction correctiont 


ae MCT,* | 
sec. sec. By cardiac 
| catheteri- | 

zation 


Diagnosis 


Pulmonary stenosis; atrial septal defect ‘ i | @ 42 51 
Tetralogy of Fallot ‘ .7 | 60 41 49 
| Tetralogy of Fallot : 24.4 | 42 35 46 
Pulmonary hypertension; ventricular 1 | 34. 41 27 36 
septal defect 
Pulmonary hypertension; atrial septal 
defect 
Pulmonary hypertension; atrial septal 
defect; ventricular septal defect 
Tetralogy of Fallot 
Tetralogy of Fallot 
Pulmonary hypertension; atrial septal 
defect 
Tetralogy of Fallot 
Pulmonary stenosis; ventricular septal 
defect 
Pulmonary hypertension; ventricular 
septal defect 
Pulmonary stenosis; ventricular septal 
defect 
Kbstein’s disease (?) 
Pulmonary stenosis; atrial septal defect 
Pulmonary stenosis; ventricular septal 
defect 
414 Pulmonary stenosis; ventricular septal 
defect 
10 Pulmonary hypertension; ventricular 
septal defect 
414 | Tetralogy of Fallot 
314 Pulmonary stenosis; ventricular septal 
defect 
25 Tetralogy of Fallot ‘ 3.2 | 66 
49 Pulmonary arteriovenous fistula (?)| : ‘ : 68 
37 Atrial septal defect; ventricular septal 
defect (?) | Oy 31. : 76 
24§ 41 Kisenmenger’s syndrome (?) | : 25. 78 
25§ 52 Kisenmenger’s syndrome (?) | ‘ 19. ¢ 87 


“AT = Appearance time; MCT = Maximal concentration time; arterial 02% = Oxygen saturation in ar- 
ial blood. 
* Dye values corrected to agree with cardiac catheterization estimate by reducing the area of the primary 
ingle by one third. 
Under light Avertin anesthesia. 
‘ Patients 21 to 25 were not studied by cardiac catheterization. 
Necropsy on this patient revealed bronchiectasis, emphysema with pulmonary vascular sclerosis, grade 3, 
no fistulous communication could be demonstrated. It is probable that the abnormal dye curve is caused 
‘he passage of some blood through the bronchiectatic region (AT = 14 seconds) followed by a slower rate of 
by way of the normal channels in the emphysematous lung. 


he contour of the dye curves obtained and it may be difficult to obtain adequate samples 
he cardiac catheterization data. Therefore, to establish the true value for oxygen saturation 
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Shunt os % of Systemic Flow by Dye Method 


20 30 40 50 
Shunt as % of Systemic Flow by Cardiac Catheterization 


Fic. 5. Comparison of the magnitude of venoar- 
terial shunts as calculated by the cardiac catheteriza- 
tion and dye methods. The broken line represents 
identity while the fine line is the regression: Y = 
3.5 + 0.65X, where X is the shunt as estimated from 
the cardiac catheterization data and Y the shunt 
calculated by the dye method. The standard error of 
the coefficient of regression (b = 0.65) was 0.07 and 
the standard deviation of any single determination 
from the calculated line was 6.6 per cent of systemic 
flow. The correlation between the methods was 0.89. 


ARTERIAL Op SATURATION PER CENT 


10 20 30 40 50 
From Dye Curve 


of mixed venous blood and it is likely that a 
good proportion of the variability between the 
methods was due to error in the determination 
from the catheterization data. In spite of such 
difficulties a relatively good agreement has been 
found between the estimates of the shunt by 
the dye method (corrected) and from data col- 
lected by cardiac catheterization. 

In figure 6, left, the oxygen saturation of 
arterial blood of the patients at rest is plotted 
against the per cent of the shunt as estimated 
by the dye method (corrected). If the volume 
of the shunt is less than 30 per cent of the 
systemic blood flow, then the degree of oxygen 
desaturation is not severe. If the volume of the 
shunt exceeds 40 per cent of systemic blood 
flow, then a marked fall in oxygen saturation 
occurs. It might be expected that in the larger 
shunts the low oxygen content of the arterial 
blood passing to the periphery results in the 
return to the heart of grossly desaturated blood, 
part of which again passes to the arterial sys- 
tem by way of the defect. It is probable that 
such a cycle underlies the marked fall in oxygen 
saturation of arterial blood in the presence of 
shunts of more than 35 per cent of systemic 


10 20 30 40 50 
From Cardiac Catheterization 


SHUNT AS PER CENT OF SYSTEMIC BLOOD FLOW 


Fic. 6. The relation of arterial oxygen saturation to the magnitude of the venoarterial shunt. In 
the left panel two theoretically derived curves have been drawn relating oxygen saturation to volume 
of shunt when constant systemic flow and arteriovenous oxygen difference were assumed. The upper 
curve assumes an arteriovenous difference of 5 cc. of oxygen per 100 cc. of blood; the lower, a difference 
of 3 ce. of oxygen. It is realized that factors other than volume of shunt affect the arterial saturation 
but the present data do not permit a precise analysis of this relationship. 

In the right panel the degree of oxygen was derived from data obtained at cardiac catheterization. 
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jlood flow. However, the data available do 
\ot permit adequate analysis of the many inter- 
elated factors governing the relationship be- 
ween oxygen saturation and the magnitude of 
he shunt. The relationship just proposed was 
iot evident in a comparison of oxygen satura- 
ion and per cent shunt calculated from the 
iemodynamic data (fig. 6, right), but it should 
‘e pointed out that several of the patients with 
-evere cyanosis did not undergo catheterization 
ind points of comparison in this important low 
ange of oxygen saturation were not available. 

For five patients a second dye curve was 
obtained 8 days to 23 months after the first. 
(jood agreement was found between the cal- 
culation of the volume of the shunt on suc- 
cessive occasions. Details of the findings are 
given in table 2. 


concentration of the primary curve is not en- 
tirely satisfactory and a more theoretically 
accurate determination could be made.* How- 
ever, the shunt as calculated from the catheter- 
ization data, the standard of comparison in 
this study, is itself open to considerable error”: 
and further elaboration of the dye method does 
not at present seem justified. 

Dye curves were recorded simultaneously 
from more than one site for a number of pa- 
tients. Suitable curves from both ears or from 
one ear and radial artery were obtained from 
nine patients. The percentage of blood passing 
through the shunt did not differ by more than 
5 per cent when determinations from two ear- 
pieces were compared or by more than 8 per 
cent when determinations of earpiece and cu- 
vette were compared. The error of measure_ 


TABLE 2.—Reproducibility of Hemodynamic Measurements from Dye Dilution Curves Recorded from Five Patients 
Studied on Two Different Occasions 


First occasion Second occasion 


Time 
between 
studies 


MCT* Ox%* MCT* 


z 
A 
| shunt 


% 
shunt 


After Blalock operation 
After Blalock operation 
Second occasion catheterization 


24.2] 40 78 
22.6 | 35 91 
o4.8:| SF | 80 
1S.2')) 42 81 
27.4 | 25 90 


24.7 | 41 73 

24.4) 35 | 73 8.2 
29.0 | 26 84 | 10.1 
19.3 | 40 81 5.9 
26.1 32 86 9.8 


4 mo. 7.0 
24 mo. 11.8 
16 days | 9.4 

8days| 5.2 


8 4 mo. 9.5 After Blalock operation 


* AT = Appearance time; MCT = Maximal concentration time; 02% = Oxygen saturation of arterial blood. 


COMMENT 


The method described in the earlier para- 
graphs evolves from the concept of division of 
the dye into two separate fractions which are 
proportionate to the volume of blood passing 
into the arterial system by different routes. 
‘The shunt calculated by the dye method cor- 
relates well with that obtained from cardiac 
citheterization data although an empiric cor- 
rection factor would have to be used to elim- 
inate a systemic difference between the two 
nethods. Indeed the inclusion of such a cor- 
r«etion factor would appear necessary from 
simple inspection of normal and abnormal dye 
d ution curves because the disappearance slope 
is always less steep than the build-up slope 

| some influence of the secondary curve on 

‘ primary is to be anticipated. A fixed value 

').66 for the correction factor for the maximal 


ment is, therefore, relatively small. This ac- 
curacy of measurement is clearly dependent on 
the quality and dimensions of the dye curves 
obtained. If the oximeter record of the arterial 
oxygen saturation is stable, this can be achieved 
with a small dose of dye by using a highly 
sensitive recording instrument, but if there are 
variations in arterial oxygen saturation as fre- 





* Making the assumption that the declining slopes 
of concentration of the primary and secondary dilu- 
tion curves paralleled each other, a semilogarithmic 
plot of the declining slope of the primary curve was 
made from which a more accurate estimate of the 
influence of the secondary curve on the maximal con- 
centration of the primary curve (MC’) was obtained. 
In a few curves it was possible to replot the declining 
slope of the secondary (initial) curve and so to esti- 
mate the true value of MC’. Introduction of these 
theoretically desirable corrections would appear to 
complicate the procedure unduly for practical pur- 
poses. 
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quently occur in such patients, then a large 
dose of dye should be used. This difficulty is 
illustrated in figure 1; a moderate fluctuation 
in arterial oxygen saturation coincident with 
respiration renders identification of the points 
of maximal concentration uncertain. In other 
records the fluctuations have been even greater. 
The average dose of dye used for the 25 pa- 
tients studied was 0.60 mg. per kilogram of 
body weight with a range of from 0.17 to 1.06 
mg. per kilogram. 


LZ 2 by 
Wad SINGLE SCALE EARPIECE 


5 Liter 


shunt, when the volume of shunt was deter- 
mined from two dye curves obtained at differ- 
ent times during cardiac catheterization. 

It will be recalled that the dye curves were 
recorded while the patient was breathing 100 
per cent oxygen, but the catheterization data 
were usually obtained while the patient was 
breathing room air. The basis for the compari- 
son of the percentage shunt determined from 
the cardiac catheterization data and that by 
the dye method rests on the finding that veno- 
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Fic. 7. Alteration in the direction of a shunt caused by change in the oxygen content of the in- 
spired air in a 30 year old woman with atrial septal defect, pulmonary hypertension and cardiac 
failure. The curve in the left panel was obtained while the patient was breathing 100 per cent oxygen, 
in the right panel while she was breathing room air. All components of the curves are prolonged, asso- 
ciated with the low output of cardiac failure. The disappearance times of the dye curves in the left 
panel are disproportionately prolonged indicating the presence of a left-to-right shunt. The curves in 
the right panel, however, show a short appearance time and an abnormal initial hump indicating a 
shunt in the right-to-left direction which was not present when the patient was breathing 100 per 
cent oxygen. The scale of sensitivity to dye applies only to the left panel. When the patient was 
breathing room air the arterial saturation was 84 per cent. Due to this desaturation a second calibra- 
tion of the cuvette oximeter to dye was not obtained. 


A high degree of repeatability was demon- 
strated on retesting patients after an interval 
(table 2). The percentage volume of the right- 
to-left shunt calculated in three patients dif- 
fered little after a Blalock operation for te- 
tralogy of Fallot from the preoperative volume 
although the oxygen saturation of arterial blood 
was elevated and clinical improvement had oc- 
curred. The contour of the dye curves of these 
patients also indicated the presence of pulmo- 
nary recirculation. Two additional patients, 
data on whom were not included in table 2 
also showed no difference in the volume of the 


arterial shunts are usually unchanged when 
the patient breathes 100 per cent oxygen." 
However, in a few patients the magnitude of 
the shunt was altered or the direction reversed 
when the patient breathed 100 per cent oxy- 
gen.'© Dye curves obtained for such a patient 
are shown in figure 7. Also we have demon- 
strated intracardiac arteriovenous shunts in a 
few patients when they were breathing 100 per 
cent oxygen which could not be detected when 
they were breathing room air. In these patients 
the oxygen probably lowers the pulmonary re- 
sistance and thus permits an increase in the 
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Fic. 8. Difference in dye curves from a 44 year old 
woman suffering from patent ductus arteriosus and 
pulmonary hypertension. Dilution curves were re- 
corded from both ears and right radial and right 
femoral arteries. The appearance and build-up times 
of the curves obtained from the ears and radial ar- 
tery were normal but the disappearance time was 
slightly prolonged consistent with a small left-to- 
right shunt. The curve from the femoral artery, how- 
ever, showed a short appearance time and an abnor- 
mal initial hump, demonstrating the early passage 
of a portion of dyed blood to the lower part of the 
hody by way of the ductus. The oxygen saturation of 
the femoral artery blood (83 per cent) was lower 
than that of a simultaneously withdrawn radial 
artery sample (94 per cent). 


TaBLeE 3.—The Change in Magnitude of the Veno- 
arterial Shunt Calculated from Cardiac Catheteri- 
zation Data on Breathing 100 Per Cent Oxygen 


| Shunt per cent 


No. Diagnosis | of systemic flow 


Air (100% Ox 


Pulmonary stenosis; atrial sep- | 60 68 
tal defect 
Tetralogy of Fallot 63 
Pulmonary hypertension; atrial | 33 | 38 
septal defect 
Pulmonary hypertension; atrial | 45 
and ventricular septal defects 
Tetralogy of Fallot 39 
Pulmonary stenosis; ventricu- | 25 
lar septal defect 
Pulmonary hypertension; ven- | 19 | 22 
tricular septal defect 


Mean change = 1 per cent (change not significant). 


oportion of blood entering the pulmonary 
tery."© It should be noted that in cases of 
tent ductus arteriosus with pulmonary 
h.pertension of a degree to cause reversal of 
fl .w through the ductus, the dye dilution curves 


recorded from the right radial and femoral 
arteries may differ; the femoral curve indi- 
cating a right-to-left shunt and the radial no 
shunt or a shunt in the left-to-right direction 
(fig. 8). 

In the results just reported data obtained by 
cardiac catheterization were collected for the 
most part while the patient was breathing 
room air, but the majority of dye curves were 
obtained while the patient was breathing 100 
per cent oxygen. When the catheterization data 
permitted, the volume of shunt when the pa- 
tient was breathing 100 per cent oxygen was 
also calculated (table 3), and in the present 
series did not differ systematically from the 
shunt obtained during the breathing of air. 
The differences observed may be within the 
error of the method. Nevertheless, in a few 
cases, the possibility does exist that the volume 
of the shunt may have altered between the 
time of collection of the catheterization data 
and the recording of the dye dilution curve. 

Evans blue dye dilution curves then can be 
used to indicate the presence, direction and 
magnitude of veno-arterial shunts in cyanotic 
congenital heart disease. In suitable cases it is 
possible to demonstrate changes in the magni- 
tude and even direction of shunts caused by 
different procedures. Changes in magnitude of 
shunts as calculated by the dye method may 
be more nearly accurate than the absolute 
volume of the shunt although satisfactory 
agreement with estimates from the cardiac 
‘atheterization data has been obtained in this 
series. Estimates from the cardiac catheteriza- 
tion data are, however, by no means ideal 
standards of comparison and calculation from 
dye dilution curves may be more representa- 
tive of the volume of shunt at a given moment 
than the calculations from cardiac catheteriza- 
tion data obtained over a period of several 
minutes. The degree of correlation obtained 
between the amount of arterial oxygen de- 
saturation and the relative volume of the shunt 
as calculated by the dye method lends credence 
to this concept. 


SUMMARY 


Dilution curves of Evans blue dye in the 
arterial blood were recorded for 25 patients 
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with cyanotic congenital heart disease. The 
first appearance of the injected dye at a re- 
cording oximeter attached to the ear was earlier 
than that for normal persons. An abnormal 
hump was found on the build-up slope of the 
curve which was taken to represent dye which 
had by-passed the pulmonary circuit by way 
of an intracardiac defect. 

Certain features of the dye curve could be 
measured and it was possible to calculate the 
proportion of dye which had passed through 
the intracardiac defect. This indicated the per- 
centage of the total systemic blood flow which 
had been shunted from the venous system. 

For 20 patients data from cardiac catheteri- 
zation were available which made it possible to 
compare the volume of the shunt as calculated 
from the dye curve and from cardiac catheter- 
ization data. A systematic difference amount- 
ing to 9 per cent of the systemic flow was found 
between the methods. The standard deviation 
of the differences between determinations of 
venoarterial shunts by cardiac catheterization 
and dye dilution methods was 7 per cent of 
the systemic flow. For the dye curve method 
a high degree of repeatability was demon- 
strated. 

The arterial oxygen desaturation was _ re- 
lated to the volume of the shunt. When the 
shunt exceeded 35 per cent of the systemic 
blood flow, severe oxygen desaturation was 
present when the patient was at rest. 

The method represents a relatively simple 
and adequate technic for determining the mag- 
nitude of the shunt in cases of cyanotic con- 
genital heart disease. From some patients, how- 
ever, curves have been obtained which do not 
permit quantitation, either due to spontaneous 
fluctuation in arterial oxygen saturation suf- 
ficient to obscure the dye curve or to dye 
curves, the components of which were too 
poorly defined to permit measurements of the 
type required for the calculation. 
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IN HEART DISEASE 


SuMARIO EspaNou 


El uso de un cuvette y un oximetro de ofdo 
facilita el registro del patrén de dilucién in- 
mediata del tine T-1824 (azul de Evans) en la 
sangre arterial. En pacientes con shunts arterio- 
venosos el patrén de las curvas de dilucién 
difiere de lo normal. Analisis quantitativo de las 
curvas obtenidas en estos pacientes con enfer- 
medad cianética congénita del corazén ha sido 
determinado para establecer la proportién de 
sangre que circunda la circulacién pulmonar. 
Los resultados obtenidos han sido comparados 
con estimados del volumen del shunt segtin 
datos de caterizacién cardiaca y relacionados a 
la saturacién de oxigeno arterial. 
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Measurement of Vasoconstrictor Tone in the 
Extremities in Hypertension 


By Henry J. Kowauskt, M.D., Stspey W. Hoosier, M.D., Sc.D., 8. Donatp Marton, M.D., 
AND Ricuarp H. Lyons, M.D. 


Tetraethylammonium (TEA) given intravenously decreases peripheral vascular resistance. The 
magnitude of the decrement is related directly to the prevailing level of neurogenic vasomotor 
tone. TEA was administered to hypertensive and normotensive subjects. The decrements in re- 
sistance of the foot did not differ between the two groups. The decrements of the forearm also did 
not differ. These findings suggest that the prevailing level of neurogenic vasomotor tone in the 


extremities is not increased in hypertension. 


TUDY of the altered hemodynamics in 
essential hypertension indicates a sig- 
nificant increase in the total peripheral 

resistance of the arteriolar bed.':? The nature 
of the arteriolar hypertonus remains obscure, 
but evidence suggests that in some portions 
of the circulation it may be functional and 
reversible.?: * 

Using the venous occlusion plethysmograph, 
several workers have attempted to evaluate 
the role played by the blood vessels of the 
extremities in the increased vascular resistance. 
Most have agreed that there is an increased 
peripheral resistance in these vascular 
beds.?:4-® However, Abramson and Fierst 
suggested that the forearm blood vessels might 
not share in the elevated peripheral resistance 
since they found an increased blood flow in 
the forearm of their hypertensive patients.® 

The extent to which increased vasomotor 
tone* contributes to the elevated peripheral 
resistance has been investigated by Pickering® 
and Prinzmetal and Wilson.4 When vaso- 
constrictor tone was decreased reflexly by 
body heating or by paravertebral block, or 
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* By vasomotor tone we mean the specific contri- 
bution to arteriolar tonus mediated over sympathetic 
ganglionic pathways. 


where reactive hyperemia was employed, the 
peripheral resistance in hypertensives did not 
fall to the levels seen in normotensives. It was 
suggested, therefore, that the vasomotor tone 
to the peripheral vessels was not increased in 
hypertension. 

The observation that tetraethylammonium, 
a drug capable of inhibiting ganglionic trans- 
mission of vasomotor tone, reduced the blood 
pressure of hypertensive subjects more than 
that of normotensives raised again the ques- 
tion of the presence of increased vasomotor 
tone in this disease, and the development of 
such a chemical blocking agent suggested its 
possible utilization for the measurement. of 
vasomotor tone in the human subject. The 
present work was undertaken (1) to estimate 
the vascular resistance in the foot and forearm 
of hypertensives, and (2) to evaluate a method 
for measuring vasomotor tone using tetra- 
ethylammonium chloride. 


MetTHOoDS 


The plethysmographic technic employed, the 
preparation of the patient, and the calculation of 
the data were similar to the methods described in 
a preceding paper® with the following exceptions: 
(1) Dosage of tetraethylammonium was estimated 
on the basis of body weight and approximately 
3.0 mg. per pound (1.36 mg. per kilogram) was 
administered intravenously in each experiment. The 
range in weight of the hypertensive and control 
groups was similar and consequently the averags 
dose of tetraethylammonium was comparable. (2) 
Blood flow in the homolateral forearm and foot were 
measured simultaneously in most instances. A num- 
ber of patients were studied on two or three occasions 
and the data, marked with an asterisk in table 1 
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epresent the mean of the separate determinations. 
3) Pressure in the collecting cuff was determined 
»y the optimum inflow curve obtained, which was 
isually 15 to 20 mm. below diastolic blood pressure, 
ind this pressure was then utilized throughout the 
xperiment. In most of the hypertensive patients, 
the decline in pressure induced by tetraethylam- 
monium was not sufficient to lower diastolic blood 
pressure below the collecting cuff pressures, but 
yecasionally this did occur. In such instances it is 
possible that an artefact may have been produced 
by the prevention of diastolic back flow,® with the 
result that the flow as measured may be slightly 
higher than the true flow. 

As in the previous report, blood flow values 
represent an average of five consecutive readings, 
either just before administration of tetraethylam- 
monium or at the time of maximal response. Mean 
blood pressure likewise represents average values 
taken by the auscultatory method before and during 
the time of maximal observed blood flows. Periph- 
eral vascular resistance to blood flow was calcu- 
lated in arbitrary units by the following formula: 


Mean blood pressure (mm. Hg.) _ 


Mean blood flow (ce./100 ce. limb volume/min.). 


The mean blood pressure was arbitrarily taken as 
one-half the sum of average systolic and diastolic 
readings over the period of observation. 

The normotensive control subjects were patients 
hospitalized for a variety of reasons but exhibiting 
no symptoms or signs of peripheral vascular disease. 
The hypertensives were patients with the clinical 
diagnosis of ‘essential hypertension.” 


RESULTS 


A summary of the experimental data is 
found in table 1. 


|. Observations in the Resting State 


A. Foot. Resting blood flow to the foot was 
lightly reduced in the patients with hyperten- 
ion (H. M.* 1.71 ee.; N. M.f 2.06 ec.). The 
lifference between these means could have 
‘een a chance occurrence. 

Peripheral resistance was significantly ele- 
‘ated in the hypertensive subjects. Their 
hiean value of 129 units was approximately 
‘ouble the normotensive mean of 62.1 units. 

B. Forearm. Forearm blood flow was slightly 
| it not significantly higher in the hypertensives 
(If. M. 3.21 ec.; N. M. 2.84 cc.). 

The hypertensive subjects had. an elevated 





“H.M. = Hypertensive Mean. 
i N.M. = Normotensive Mean. 


resistance to the flow of blood in the forearm. 
The means were 58 units in the hypertensive 
subjects and 40.7 units in the normotensives. 
The probability of this difference between 
these respective means occurring by chance 
alone was slightly less than 1 out of 20. 


II. Observations with Tetraethylammonium 


A. Estimation of Vasomotor Tone with 
Tetraethylammonium. (1) The administration 
of tetraethylammonium is usually followed 
by a drop in blood pressure and an increase in 
peripheral blood flow. The peripheral resist- 
ance (calculated by dividing half the sum of 
the systolic and diastolic pressure by the blood 
flow) decreases. The magnitude of the decrease 
in peripheral resistance after tetraethylam- 
monium appears to be determined by the level 
of vasomotor tone at the time the drug is 
given. In the experiments reported in table 2, 
increasing vasomotor tone was found to en- 
hance the drop in peripheral resistance after 
tetraethylammonium; and, conversely, de- 
creasing vasomotor tone was found to decrease 
the drop in peripheral resistance following 
autonomic blockade with tetraethylammonium. 

The peripheral resistance dropped 79 per 
cent in subject G. M. (table 2) during “‘normal”’ 
conditions. On a subsequent occasion vaso- 
motor tone was decreased by reflex body heat- 
ing, accomplished by placing arms and trunk 
in a body bake for about 45 minutes. The 
administration of tetraethylammonium now 
was followed by a decrease in peripheral re- 
sistance of only 28 per cent. 

In subject W. H. the response to tetra- 
ethylammonium after body heating was a 
drop in peripheral resistance of 9 per cent. 
Subsequently, when reflex vasoconstriction 
was induced by immersing hands in ice water, 
tetraethylammonium administration resulted 
in a peripheral resistance decrement of 74 per 
cent. 

In the remaining two experiments reflex 
cooling was similarly found to increase the 
drop in peripheral resistance after autonomic 
blockade with tetraethylammonium. 

(2) The response of the local vascular bed 
under scrutiny is the important determinant 
in the peripheral resistance response to tetra- 





TABLE 1.—Changes in Blood Flow and Vascular Resistance after Tetraethylammonium in Hypertensive Subjects 
Compared with Normotensive Controls 


| Forearm 
a eee 


Blood Pressure 


90 Peripheral | . Peripheral 
Blood Flow Resistance | Blood Flow Resistance 


S.+D. | Change Change | Change |. | Change | Change 
+s after oe after | Control | after eae | after Control | after 
TEA % |-/™'D-| TEA % TEA % |-/™ID-| TEA % | | % 


Normotensive Control 


87 | 
99 ond 
94 +3 | 
96 aa 
98 +9 | 
85 +2 
96 
104 
92 
100 
101 
91 
90 
’. H.* , ‘ 92 
2. O.* F 93 
B. B.* F ‘ 97 
D. S.* M 92 +245 | 64 —75 
M. M. F 99 | +128 | 142 —67 
E. D. M 90 8 | +260! 113 —76 
A.C. M ‘ 116 


_ 
— 


| +193 | 63 —66 | 3.5 
+145 | 53 —65 | ; 
+700 | 53 
+890 | 72 —67 
+260 | 85 
+202 | 31 | —66 
+118 | 56 
+368 | 78 —84 
+185 | 22 —61 
+367 | 48 —80 
+941 | 84 | -90| : 
+124 | 24 | —56 
+179 | 31 —68 | 
+145 | 36 | —63|; 

+2]| 88 —90 
+9] 32 0 


oe ell el ~) 
coWwWons © 


NORE HEH OWNED WATE 


Noor wne 


Normotensive Mean ! f 62.1t| —68 


| G0 
| = 


Essential Hypertension 


3. +218 60 —72 
202 —37 | 1.2 | +333 | 168 —85 | 3.: 
188 —30 | 1. +383 | 157 —78 
151 —15 | 2. +30) 62 —79 
179 —27 | 1. +163 | 161 —72 
182 —26 | 0.8 | +840 | 231 | —92 |; 
.. W.* P : 175 —14 | 2. +820 | 92 —90 
« D.* 169 —45 +290 288 —83 
,P.* a 166 —14 +918 | 233 —91 
N. B. , 158 —30 +193 | 113 —76 
a , 173 —14 +231 | 133 —74 
i. } 152 —5 +82 40 —47 
.W. } 144 —5 +736 | 131 —89 | ; 
2D. . é 129 -8 | +340 | 39 —27 |< 
. 8. } 149 —17 +395 | 79 —82 
a> . 157. | —21 | +132 | 83 —71 
E. D. , j 144 —6 +622 | 160 —87 
M. S.* , 5s 146 —4/| 2.0 | +180] 79 —55 
D.R. . 161 —48 | 0.8 |+1187 | 205 —95 
D.D. , By 136 —16 | 2.4 | +290| —77 


192 —17 


o 
> 


—— We We & © 


So 


Hypertensive Mean —20 | 1.71 | +414 | 12 —76 | 3.21 +33 | 58f 


t Means differ significantly at 0.1% level. 

t Means differ significantly at 5% level. No other differences between normotensive and hypertensive meas 
were statistically significant. S = Systolic. D = Diastolic. 

All values for blood flow and peripheral resistance are referred to 100 cc. of limb volume per minute and ave 
calculated as described in the text. Forearm and foot blood flow were performed simultaneously. In those i'- 
stances where subjects were studied more than once (indicated by asterisks) peripheral resistance is the me:n 
of ratios for several pressure-flow determinations calculated by averaging the separate quotients. Therefore 
such mean resistances multiplied by the flows will not equal mean blood pressures. 


84 
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‘thylammonium despite the fact that blood 
yressure and blood flow may both change. If 
his contention is correct, peripheral resistance 
should not change in sympathectomized ex- 
remities after tetraethylammonium adminis- 
ration. Experiments in table 3 were performed 
m subjects with sympathectomized extremi- 
ies. Although alterations in blood flow and 
n blood pressure were noted after autonomic 


The mean decrease was 20 per cent with a 
range extending from 4 to 48 per cent. Six of 
the 20 normotensive subjects developed slight 
increase in blood pressure but the mean change 
was a decrease of 4 per cent. 

(1) Foot. Blood flow was found to increase 
significantly in both groups. The mean increase 
in blood flow after tetraethylammonium was 
287 per cent over control values in the normo- 


CaBLE 2.—Peripheral Resistance Response to Tetraethylammonium (TEA) at Varying Levels of Vasomotor Tone 


Before TEA 


After TEA 


Ravelict Observed 





Subject | Status BP* 
Ft 
G.M. | Control 100 

| | 1.5 
After reflex body heating | 108 


8.4 


| Change in 
Vasomotor tone | PR 


PRt 
67 | 92 | | “Normal” | —79% 


Decreased | —28% 





| After reflex body heating | 105 

| 9.4 
After reflex cooling | 101 
2.2 


3.2 
After reflex cooling 98 


12 


Control | 93 


Ek. Me. | Control | 96 


19 
After reflex cooling 


0.7 





S. + D. 


* BP = Blood Pressure 2 


+ F = Peripheral Blood Flow. 
t PR = Peripheral Resistance. 





Decreased | —9% 


Increased —T4% 


‘‘Normal”’ —39.5% 


Increased —82% 





““Normal’’ 


—~69.2% 





Increased —90.5% 


Table presents the response to 500 mg. of TEA intravenously in volunteer subjects under ‘‘normal’’ condi- 


tions on one day and following a reflexly induced change in resting circulation on a subsequent day. Vasomotor 
‘one to the foot was reduced by placing arms and trunk in a body bake for 30 to 45 min. before beginning study. 
lteflex vasoconstriction was induced by immersing hands in ice water for a sufficient period to produce plethysmo- 
raphie evidence of vasoconstriction in the foot. 
It will be noted that the response to TEA was proportional to the initial magnitude of vasomotor tone. 


iockade with tetraethylammonium, the slight 
‘ifts in peripheral resistance of plus 3 per 
ent, 0.0 per cent, plus 10 per cent, and plus 1 
»r cent are not deemed significant. 
B. Responses to Tetraethylammonium in 
ypertensive and in Normotensive Subjects. 
he administration of tetraethylammonium 
is followed by a marked and significant drop 
blood pressure of the hypertensive subjects. 


tensive population, and 414 per cent in the 
hypertensive population. 

The peripheral resistance decreased in both 
groups. The mean decrease in the normo- 
tensive subjects of 68 per cent did not differ 
statistically from the mean decrement of 70 
per cent found in the bypertensive subjects. 

(2) Forearm. Forearm blood flow increased 
35 per cent in the normotensives. The hyper- 
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tensives likewise developed an increased flow 
of blood to the forearm (33 per cent). 
Peripheral resistance dropped in the fore- 
arm of the normotensives. The mean decrease 
was 23 per cent. Administration of tetraethyl- 
ammonium was also found to decrease the 
resistance to the flow of blood in the hyper- 
tensive subjects. The mean change was minus 
32 per cent. The difference between these 
means (32 per cent, H. M., 23 per cent, N. M.) 


TABLE 3.—Effect of Change of Blood Pressure on 
Peripheral Blood Flow in the 
Sympathectomized Extremity 


Peri- 
pheral 
Ex- — Blood flow Resist- 


“c./1 
fee + (Mean 
cc. limb) BP/ 


Subjec : 
Subject tremity (mm. 


Hg.) 
Blood 
Flow) 
Foot Before TEA 97 i 13.0 
After TEA 74 5.5 | 13.4 
% Change —23 
Foot Before TEA 110 
After TEA 87 
% Change —21 
Before TEA 188 94.0 
After TEA 145 1.4 103.0 
% Change —23  —30 +10 


B.O. Foot 


O.S. Hand Before TEA 84 5.8 | 14.5 
After TEA 50 3.4 | 14.7 
% Change —40 | —42 +1 


300-500 mg. TEA was administered intravenously 
in these experiments. Since the extremity had been 
sympathectomized the drug could not alter arteriolar 
caliber. Peripheral vascular resistance remained rela- 
tively constant despite considerable fluctuation in 
blood pressure and blood flow. 


was not found to be significant, and may well 
have been due to chance alone. 


DISCUSSION 


The data reported here indicate that the 
amount of blood flowing to the foot and to 
the forearm of the hypertensive subjects 
studied does not differ from that amount sup- 
plying the respective vascular beds in normo- 
tensive individuals. Foot blood flow was slightly 
lower in the hypertensives, and forearm blood 
flow was slightly higher, but, as indicated 


above, the discrepancy from the respective 
normotensive value was not “significant.” 
The resistance to this flow of blood, however, 
was significantly higher in both the foot and 
forearm of the patients with hypertension. 

No similar study of foot blood flow with the 
plethysmograph has been made in hyperten- 
sives. However, the results of our observations 
agree with those of Stewart and co-workers! 
who found a slight reduction of blood flow t« 
the skin of the lower extremities in hyper- 
tensive patients by means of a calorimetric 
technic. 

The demonstration of increased resistance 
to blood flow in the forearm in the present 
work is contrary to the conclusions reached by 
Abramson and Fierst® who did not find ele- 
vated vascular resistance in the forearm, but 
our data are in accord with the observations 
of other workers.*: ® 

Implicit in our use of the pressure-flow 
relationship is the concept that flow varies 
directly with pressure, or restated, the formula, 
R = P/F, must be applicable at all levels of 
pressure. In this connection a re-examination 
of the data in table 3 from a different point of 
view will be of interest. These individuals 
with sympathectomized extremities developed 
drops in pressure after tetraethylammonium 
ranging from 21 to 42 per cent at initial levels 
of pressure which ranged from 84 to 188 mm. 
Hg. If flow varied directly with pressure there 
would be similar reductions in blood flow and 
the quotient of pressure divided by flow (the 
peripheral resistance) should remain constant. 
Such was the case. Consequently we believe 
that changes in peripheral resistance can be 
compared between hypertensives and normo- 
tensives despite the greater reductions in 
pressure the former experience after autonomic 
blockade. 

These observations of the relationship of 
pressure and flow are in good agreement with 
the conclusions of Wilkins and Eichna" that 
vascular resistance at different levels of blood 
pressure can be determined by dividing pressure 
by flow. 

The administration of tetraethylammonium 
is followed by a decrease in peripheral r¢- 
sistance. The magnitude of this decrease ca’ 
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be modified by altering the level of vasomotor 
tone. Increasing tone by reflex cooling (which 
induces vasoconstriction) increases the resist- 
ance decrement following tetraethylammonium 
administration. Decreasing tone, for instance, 
body heating, had the opposite effect. The 
relationship of the level of vasomotor tone to 
the magnitude of the peripheral resistance 
decrement suggests that autonomic blockade 
by tetraethylammonium may be used to de- 
termine the nature of the increased peripheral 
resistance in hypertension. 

Peripheral resistance reductions were ex- 
pressed in a percentage manner since this 
takes into account the difference in initial 
values. The percentage decrease in resistance 
to blood flow in the foot was essentially the 
same in the normotensives and in the hyper- 
tensives. Since the magnitude of the peripheral 
resistance decrement was the same for both 
groups it would appear that neurogenic vaso- 
motor tone to the foot is not significantly in- 
creased in hypertension. The decrement of 
peripheral resistance in the forearm was also 
similar in both hypertensives and normoten- 
sives. Here then, as in the foot, neurogenic 
vasomotor tone does not appear to be increased 
in hypertension. 

Our observations thus confirm the findings 
of Pickering® and of Prinzmetal and Wilson.‘ 
These workers estimated peripheral vasomotor 
tone by observing the increases in blood flow 
{o extremities after paravertebral block or 
reflex body heating. Supernormal blood flow 
increases were not found in the hypertensives, 
us would be expected if they had increased 

asomotor tone. We are therefore inclined to 

‘he opinion that in the subjects we studied 
ormal ganglionic transmission of vasomotor 
me was present and was superimposed on an 
nderlying vascular hypertonus, the nature of 
hich remains obscure. 


CONCLUSIONS 
EXmploying the venous occlusion plethysmo- 
aph and autonomic blockade with tetraethyl- 
imonium, evidence is presented which indi- 
« tes that: (1) The vascular resistance to the 
{ ot and forearm is increased in hypertension; 
( ) the peripheral resistance decrement to 


tetraethylammonium is determined by the 
prevailing level of vasomotor tone, and (3) 
the prevailing level of neurogenic vasomotor 
tone in the extremities was not found to be 
increased in patients with hypertension. 


SUMMARY 


The effect of the intravenous administration 
of tetraethylammonium on the _ peripheral 
resistance of the extremities is influenced by 
the prevailing level of neurogenic vasomotor 
tone. At elevated levels of vasomotor tone 
the resistance decrement to tetraethylammo- 
nium is larger than that decrement observed 
at low levels of tone. When tetraethylammo- 
nium was administered to hypertensive and to 
normotensive subjects the relative decreases 
in peripheral resistance were the same in both 
groups, suggesting that the prevailing level 
of neurogenic vasomotor tone in the extremities 
is not increased in hypertension. 
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SumMArRIOo EspaNou 


Tetraetiloamonio (TEA) administrado intra- 
venosamente disminuye la resistencia periferal 
vascular. La magnitud del decremento se relac- 
ciona directamente al nivel prevalente del tono 
vasomotor neurogénico. TEA fue administrado 
a sujetos normotensos e hipertensos. Los decre- 
mentos en resistencia del pié no difirieron entre 
los dos grupos. Los decrementos del antebrazo 
tampoco difirieron. Estos hallazgos sugieren 
que el nivel prevalente de tono vasomotor neu- 
rogénico en las extremidades no esta aumentado 
en hipertension. 
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The Effect of Priscoline on the Clearance of 
Radiosodium from Muscle and Skin of 
Man in Normal and Diseased Limbs 


By Jack Freunp, M.D., Lawrence H. WisHam, M.D., AND Rosatyn S. Yatow, Pu.D. 


The radicsodium clearance technic was used to measure the effect of Priscoline given intra- 
arterially on the effective blood flow in muscle and skin of normal subjects and patients with 
peripheral vascular disease. The only clinically significant increase in the clearance rate of radio- 
sodium (Na*) occurred in the skin; the clearance rate in muscle showed small increases which 
were constantly present but not considered to be clinically significant. 


HE RECENT work of Kety!:? intro- 

duced a method of indirectly measuring 

the effective blood flow in human 
muscle by determining the rate of clearance 
of injected radiosodium (Na*‘). Other investi- 
gators-§ have studied the clearance of radio- 
sodium from the gastrocnemius muscle in 
normal subjects and patients with peripheral 
vascular disease. They concluded that the 
method was an additional tool in evaluating 
the circulatory physiology of an extremity 
and suggested its use in evaluating therapy. 

The authors’ have previously demonstrated 
that the clearance rates of radiosodium from 
the gastrocnemius and biceps muscles in 
normal man were reproducible in the same 
individual within a significant predictable 
range over a period of three months. 

The present study was undertaken to 
observe the effect of Priscoline on the clearance 
o! radiosodium from the calf muscle and over- 
lving skin of patients with arteriosclerosis 
obliterans, and individuals with normal cardio- 
Vuscular systems. 


MATERIALS AND METHODS 


he subjects for this study consisted of two groups 
oi male patients. In the first group were patients 


‘rom the Medical Service and Radioisotope Unit, 
erans Administration Hospital, Bronx, N. Y. 
Reviewed in the Veterans Administration and pub- 
ed with the approval of the Chief Medical Direc- 

The statements and conclusions -published by 
authors are the result of their own study and do 
necessarily reflect the opinion or policy of the 
erans Administration. 


from the Cardiovascular Section of the Medical 
Service with symptoms and objective findings of 
peripheral vascular disease. During their hospital 
stay, these patients were also evaluated in the pe- 
ripheral vascular disease clinic where Landis-Gibbon 
tests* and posterior tibial blocks were performed. 
The pertinent history, physical findings, and labo- 
ratory data are summarized in table 1. The subjects 
in the second group were male patients between the 
ages of 20 and 40 with normal cardiovascular 
systems. There were 74 studies on 14 patients with 
peripheral vascular disease, and 15 studies on six 
normal subjects. Prior to each experiment, the sub- 
ject rested in the laboratory in the supine position 
for 10 minutes. The temperature of the laboratory 
was maintained between 75 and 78 F. 

An isotonic solution of sodium chloride contain- 
ing 3 to 5 microcuries of radiosodium per 0.1 ce. 
of solution was used in all experiments. 

In the studies on muscle, 0.1 ce. of radiosodium 
solution was injected into the belly of the gastroc- 
nemius muscle using a 20 gage, one and one-half 
inch needle inserted to the hilt. The skin injections 
were made with a 26 gage needle, raising a bleb in 
the skin over the calf with .03 to .05 cc. of radio- 
sodium solution. In all the patients with arterio- 
sclerosis obliterans except Mas, the skin and muscle 
studies were performed on the same limb. Im- 
mediately after all injections of radiosodium, a thin 
mica-window Geiger counter was placed in a fixed 
position? at a 45 to 90 degree angle to the long axis 
of injection and counting was started. The activity 
was recorded, using a scaling circuit with scale 
selections at 16, 32, 64 and 128. An automatic 
printer recorded register readings at intervals of 
one minute for one hour during muscle determina- 
tions. Raw data at two-minute intervals were plotted 
on semilogarithmic paper. 

In the experiments on skin, the Geiger counter 
was placed directly over the injection site. All sub- 
jects were advised against moving the limb being 
studied. 
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Prior to the intra-arterial injections, the skin 
and subcutaneous tissue over the femoral artery of 
the ipsilateral limb were infiltrated with 1 to 2 ce. 
of 1 per cent procaine. Priscoline, 37.5 mg., was then 
injected into the femoral artery over a period of 30 
seconds. Following removal of the needle, the site 
was compressed for 30 to 60 seconds to prevent 
hematoma formation. Similar pressure on non- 
injected subjects did not result in an increase in 
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75 mg. in 500 ce. of 5 per cent glucose in steril 
water, was infused into the femoral artery over : 
period of one hour. The radiosodium was injecte: 
into the muscle two to three minutes after the infu 
sion was started. 

The time between studies on any one individua 
varied from one day to four months. 

In all experiments the data were plotted on semi- 
logarithmic graph paper as a function of time. A 


TABLE 2.—Radiosodium Clearance from Gastrocnemius Muscle in Arterial Vascular Disease 


Clearance Constant (Minutes) Clearance Half Life (Minutes) 


Average K Intra-arterial 
Constant 


Intra-arterial 
Priscoline 


Values Diiohaiies Average Controls ae Average 


.092 
.099 
-089 
066 
-066 
.060 
.082 
.082 
.068 
851 
.066 
-099 
.068 
-096 
.068 
.066 
-079 
.066 
.079 
-064 
-082 
.069 
-087 
069 
.082 
.069 
.079 


-093 .079 


.078 


.073 
089 
.073 
.069 
-058 
.060 
.073 
.099 
.082 
099 
.087 


-089 
-O89 
106 
.060 
.060 
Goe .099 
.092 
Gut .099 


Tho . 102 


Hel* 163 
111 
111 


Nev* 115 


* Patients with Thromboangiitis Obliterans 


the clearance constant. The injection of Priscoline 
was not considered intra-arterial unless the following 
were present; a pulsatile red column seen in the 
syringe, obvious and intense flushing of the skin, 
evidence of a pilomotor response of the skin of the 
limb, and the sensation of heat extending down the 
extremity. The radiosodium injection was made two 
to three minutes after completion of the intra- 
arterial injection. 

The apparatus described by Mufson” was used for 
the intra-arterial infusion of Priscoline. Priscoline, 


.078 7.41 


9.00 


8.75 8.85 


081 


071 


.059 


-085 


.099 


.087 


-095 


.096 


.099 


102 


138 


111 


previously demonstrated,’:? a curve consisting of 
two components was obtained when radiosodium 
clearance from muscle was observed for one hour. 
Background activity, due largely to sodium de- 
posited in subcutaneous tissue, was derived froin 
a straight line drawn through the last 8 to 10 plotted 
points on the curve and extrapolated back. Ths 
background activity was then serially subtracted 
from the raw data. The clearance from muscle wés 
finally calculated from the slope of the straight lire 
obtained by plotting the net activity. 
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In the studies on radiosodium clearance from infusion as compared with the rapid injection 
-kin, a straight line slope was obtained from a semi- 


a sir of Priscoline in three subjects. 

iogarithmic plot of the raw data. 5 aoe e : 
The time taken for the activity present initially Table 3 gives the results of 15 observations 

10 be decreased to one-half is the clearance half on the clearance of radiosodium from the 

ife. The clearance constant (K) is equal to the gastrocnemius muscle in six individuals with 


natural logarithm of two divided by the clearance normal cardiovascular systems. Six of these 
\alf life; thus K = 0.608 studies were performed immediately following 


T} the rapid intra-arterial injection of 37.5 mg. 
of Priscoline, and nine w studies 
oe : e were control studies. 


The results for each experiment are expressed TaBLE 3.—Radiosodium Clearance from the 
hoth in terms of clearance half life and clear- Gastrocnemius Muscle in Normal Subjects 
unce constant. / ; Te 

There were 49 studies of the clearance of 
‘Or . > + ~ , } ~ ~ : ‘ ! : " = a 7 
radiosodium from the gastroc nemius muscle Name |Controts Average). A. pia 
in 12 patients with arteriosclerosis obliterans; com! ee | laesessail 
of these 27 were controls; the remaining 22 Bar | .126| .115| .120 | 5.50 | 6.02! 5.75 
were studies of clearance from muscle of a | .087 8.00 
rapid injection of 37.5 mg. of Priscoline into : | 182 5.25 

- New haan 5 ; 5.00 
the femoral artery. The average clearance | 


; , : Pur | .099 Of f 
constant for the 12 patients with arterio- Vel | .103. . “75 


Clearance Constant (Minutes~!) eS Life 


|Control Average 





sclerosis obliterans was 0.075 minute. The Sch | .120| . | 5.75 | 


average clearance constant for these same 12 Ter | .115 | 6. 
-084 | 8.25 


patients following the injection of Priscoline 


TaBLeE 4.—Skin Clearance in Arteriosclerotics 


Clearance Constant Clearance Half Life 


I. A, Priscol 
Minutes » 


I. A. Priscol | Control 


Control : 
Minutes Average Minutes 


Name Minutes | 


Average Average Average 


Bat 029 | 029 | .044 042 | 24.25 | 24.18 16.00 16.60 
.029 .037 | 24.00 | 18.50 
| 044 | | 15.75 
Sho .018 d .040 i 38.50 38. | 17.50 17.50 
Mas 053 |. |} 108 | . | 13.00 | , 6.75 6.75 
Fin .029 ‘ | 28 | . 24.00 | ‘ | 17.00 17.00 
Bre .049 .069 : | 14.00 | 10.00 10.00 
.046 .048* 15.00 | 14.50 (IV)* 





* Priscoline injected intravenously 


intra-arterially was 0.083 minute!. These The average clearance constant for the six 

\esults are shown in table 2. subjects studied was 0.113 minute, while 
In two patients with thromboangiitis ob- the average clearance constant following in- 

| ‘erans, the rapid infjection of Priscoline into jection of Priscoline was 0.126 minute“. 

‘ne femoral artery did not produce any signifi- Table 4 gives the results of 14 observations 
int change in the clearance of radiosodium on the clearance of radiosodium from the skin 
om the gastrocnemius muscle when compared over the calf of five patients with arterio- 
ith control studies (table 2). sclerosis obliterans. There were seven control 
There was no difference observed in the studies and seven studies immediately after 
earance during an intra-arterial Priscoline the rapid injection of 37.5 mg. of Priscoline 
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into the femoral artery of the same limb. The 
average clearance from the skin in these sub- 
jects was 0.035 minute, while in these same 
subjects the average clearance constant follow- 
ing the injection of Priscoline was 0.059 
minute, an increase of 69 per cent in the 
average clearance constants. In all patients 
studied, there was a marked increase in clearance 
of radiosodium from skin after the intra- 
arterial injection of Priscoline. This increase 
ranged from 42 to 119 per cent. In one patient, 
G. H., in whom Priscoline was inadvertently 
injected into the femoral vein, no increase in 
clearance from the skin was noted. 


DISCUSSION 


A vasodilator drug given orally or intra- 
venously will result in a generalized vasodila- 
tion which will not give an increased flow of 
blood to a local area, assuming no change in 
cardiac output. In arterial peripheral vascular 
disease there is organic narrowing of the lumen 
of involved vessels. Such vessels will offer 
greater resistance to the dilatation effect of 
drugs than the uninvolved vessels of the body. 
Therefore, any drug producing a generalized 
vasodilatation would be an ineffective method 
of producing an increased blood flow in dis- 
sased peripheral vessels. In order to get a 
localized vasodilatation and to minimize any 
possible effect on cardiac output in our studies, 
the drug was given by injection into the 
femoral artery. 

Priscoline (benzylimidazoline), now widely 
used as a vasodilator in peripheral vascular 
disease, was the drug selected for study. The 
complex pharmacodynamic relationships in an- 
imals caused by this drug have been described 
by Ahlquist and co-workers."' They observed 
peripheral vasodilatation, cardiac stimulation, 
coronary vasodilatation and an_ increased 
cardiac output. However, Grimson" found no 
significant changes in cardiac output following 
the intravenous injection of Priscoline, as 
determined by cardiac catheterization and 
variable results, using the ballistocardiograph. 
Chess and Yonkman"™ studied the effect of 
Priscoline in animals and stressed the varying 
sympatholytic and adrenolytic properties of 
the drug. 


It is evident from the clinical chart (table 1) 
that all the subjects not considered normal in 
this study had definite occlusive peripheral 
vascular disease with findings of absent pulses 
and decreased to absent oscillometric readings 
in the involved areas. In only two of the 12 
patients with arteriosclerosis obliterans was 
there evidence of vasospasm suggested by a 
good response to either posterior tibial block 
or the Landis-Gibbon test. 

In normal subjects the average response to 
intra-arterial injection of Priscoline was small 
(7 per cent). The average control clearance 
constant was 0.113 + 0.012 minutes com- 
pared with the average (K) following Priscoline 
injection of 0.126 + 0.015 minutes~!.* The ef- 
fect of Priscoline is small but statistically 
significant. 

If the same statistical analysis is applied 
to the results for patients with arteriosclerosis 
obliterans, the increase following Priscoline 
is 15 per cent and the range for the average 
clearance constant of the control studies will 
be 0.075 + 0.004 minutes“. The average K 
for these patients following Priscoline injection 
was 0.083 + 0.008 minutes™', again indicating 
that the effect in muscle was statistically 
significant although too small to be clinically 
important. 

In the skin of the patients with arterio- 
sclerosis obliterans, the response to Priscoline 
was much more marked. There is an average 
increase of 69 per cent if the means for the 
control clearance constant and the clearance 
constant following Priscoline injection are 
compared. The increases varied in each in- 
dividual from 42 to 119 per cent. If the same 
statistical analysis as above is applied here 
the range for controls will be 0.036 + 0.012 
minutes, while the mean clearance constant 
following Priscoline is 0.0588 + 0.0218, show- 
ing a much greater response of the blood 
vessels in the skin than the blood vessels in 
the muscle. 

In two of our subjects who had evidence 
of vasospasm and in two patients with minimal 


* The standard error is found from the formula: 


/(Sum of Differences from mean)? 


(Number of studies) 


Standard Error = V 
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occlusive changes the response to intra-arterial 
Priscoline was in no way strikingly different 
from the other patients in this group. 

The average clearance constant of the 
12 patients with arteriosclerosis obliterans 
in this study was 0.075 minutes; the average 
clearance constant for the normals studied 
was 0.111 minutes™', and the average clearance 
for the patients with thromboangiitis obliterans 
was 0.116. If these figures are compared with 
the average clearance constant for the muscle 
of 101 normal subjects of 0.106 minutes“, as 
reported by Wisham and Yalow,’ it becomes 
evident that the clearance rate in patients with 
arteriosclerosis obliterans is considerably slower 
than in normals, as expected, that in the present 
series the mean clearance constant in the 
normal subjects agrees very closely with that 
previously obtained (slightly more than a 
5 per cent difference), and that the clearance 
constants for patients with early thrombo- 
angiitis obliterans are very similar to those 
of normals. 

Cooper and co-workers’ noted a more rapid 
clearance of radiosodium from the gastrocne- 
mius muscle in patients in the early stages of 
thromboangiitis obliterans than in normal 
patients. We have noted a similar tendency 
in the two cases herein reported and in two 
additional unpublished cases. However this 
increased rate of clearance is small and is not 
statistically significant. 

An extensive study of peripheral blood flow 
by various methods was reported by Cooper 
and Elkin. One method was the local clear- 
ance of radiosodium from the muscle. They 
reported that the clearance rate of radiosodium 
from the muscle was slowed when Priscoline 
was given intravenously. They concluded 
that the increase in blood flow to the skin 
caused a diversion of blood from muscle, thus 
resulting in a smaller blood flow to muscle. 
This disagrees with our finding of a small 
increase in the muscle clearance rate. In their 
study the clearance rate was determined for 
10 minutes as a control and then Priscoline 
Was given intravenously, as compared with 
the intra-arterial injection in our experiments, 
and the clearance rate again determined. It 


has previously been observed that a consider- 


able amount of the injected radiosodium is 
cleared shortly after injection into a muscle 
and that some of the radiosodium is deposited 
in subcutaneous tissue.” * The recorded activity 
from subcutaneous tissue, where the clearance 
rate is considerably slower, then becomes a 
significant factor. This may well account for 
the discrepancy between their results and ours. 


(K) minutes ~! 


ARTERIO- NORMAL ARTERIO- 
SCLEROTIC SKIN ® SCLEROTIC 
muscie ™ SKIN 


EACH DOT REPRESENTS A CLEARANCE CONSTANT 
3% CLEARANCE CONSTANTS REPORTED IN A PREVIOUS STUDY® 


Fic. 1. A scattergram showing the clearance 
constants in normal and pathologic muscle and skin. 


PERCENTAGE INCREASE IN 

CLEARANCE CONSTANT 

FOLLOWING INTRA-ARTERIAL 
& PRISCOLINE INJECTION 


MUSCLE OF PTS. WITH ARTERIOSCLEROSIS OBLITERANS 
SKIN OF PTS. WITH ARTERIOSCLEROSIS OBLITERANS 


1c. 2. A comparison of the response to rapid 
intra-arterial injection of Priscoline in normal and 
arteriosclerotic muscle and skin. 


However our conclusions are in agreement: 
the major vasodilator effect of Priscoline is on 
the skin. 

Murphy and associates” studied the effect 
of Priscoline given intravenously on peripheral 
blood, using both the venous occlusion plethys- 
mograph and the radiosodium clearance meth- 
ods. They reported an average increase of 59 
per cent in blood flow as determined by the 
plethysmograph and a decrease of 36 per cent 
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in muscle blood flow with the clearance 
technic. These investigators used the method 
described by Cooper and Elkin,* which has 
been discussed above. They suggested that the 
decrease in muscle blood flow was probably a 
result of the increased blood flow in the skin. 
That such a mechanism does not take place 
is indicated by our finding of a small increase 
in muscle blood flow; although we agree with 
these investigators that the major effect of 
Priscoline is on the blood vessels of the skin. 

The increase in over-all blood flow of 59 
per cent following injection of Priscoline 
intravenously is not inconsistent with our 
findings of an average increase of 69 per cent 
in skin and an average increase of 11 per cent 
in muscle following injection of Priscoline 
intra-arterially. 

The authors feel that the radiosodium 
clearance method is a valuable tool in obtaining 
information on the effect of a therapeutic 
agent on the various tissues of an extremity 
in health and disease. Since the effect of 
Priscoline on local muscle flow is small and 
far less than the effect of moderate exercise,’ 
the value of this drug in relieving intermittent 
claudication in patients with organic occlusion 
is questionable. Its suggested use for main- 
taining the integrity of the skin in peripheral 
vascular disease appears to have some justifi- 
cation when the drug is administered intra- 
arterially. 


SUMMARY 


1. The effect of Priscoline administered by 
rapid injection intra-arterially on the clearance 
of radiosodium from the gastrocnemius muscle 
and overlying skin was studied in patients with 
peripheral vascular disease and in normal 
subjects. 

2. In 59 studies on 12 patients with arterio- 
sclerosis obliterans and two patients with 
thromboangiitis obliterans, and 15 studies on 
six normal subjects, Priscoline caused a small 
but not clinically important increase in the 
clearance rate of radiosodium from gastrocne- 
mius muscle. 

3. There was a significant increase (average 
of 69 per cent) in radiosodium clearance from 


the skin overlying the calf muscle in 14 experi- 
ments on five patients with arteriosclerosis 
following the intra-arterial injection of Prisco- 
line. 

4. The possible clinical implications of these 
observations have been discussed. 


SuMARIO ESPANOL 


El efecto de la Priscolina administrada 
intrarterialmente en la circulacién sanguinea 
efectiva del misculo y la piel en sujetos 
normales y pacientes perifero vasculares se 
determin6 mediante la técnica de la eliminacién 
del radiosodio. El tinico incremento de signifi- 
cado clinico en el promedio de eliminacién 
de Na* ocurrié en la piel; el promedio de 
eliminacién en el miisculo mostré solamente 
ligeros incrementos que fueron constantes pero 
no considerados como clinicamente  signifi- 
cantes. 
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The Effect of the Frequency Response of Elec- 
trocardiographs on the Form of Electro- 
cardiograms and Vectorcardiograms 


By A. J. Kerwin, M.D., M.R.C.P. (Lonpon), F.R.C.P. (Canapa) 


The spectrum of frequencies making up the cardiac potential has not been fully explored. Limita- 
tion in the high frequency response of most electrocardiographs suppresses in some tracings QRS 
components whose significance is at present obscure. Using the cathode ray oscillograph it was 
found that frequencies as high as 1300 cycles per second reveal characteristics not shown at lower 
frequencies. Frequencies as high as 6400 cycles per second are under investigation. Limitation of 
the low frequency response by the use of a condenser-resistor network to abolish extraneous po- 
tentials produces serious distortions of the RS-T segment. 


CANT ATTENTION has been paid to 
the effect of the capabilities of the re- 
cording equipment on the form of the 

electrocardiogram. Until recently the inherent 
limitations of most electrocardiographs, par- 
ticularly with respect to frequency response, 
have been such that investigation of this prob- 
lem was not easy. Moreover, with the best 
available apparatus, records seemed to be 
satisfactory and indeed often showed (and 
still do show) characteristics beyond the limits 
of our ability to interpret them. 

For two reasons interest in this problem has 
recently been stimulated. The first is the in- 
troduction of the direct writing instruments. 
Some of the records, particularly of the early 
models, showed ‘‘smoothing”’ out of the curves 
and low amplitudes, attributable to limitation 
of high frequency response. In order to accept 
the direct writer as a satisfactory recording 
instrument, it is necessary to show that even 
with its limited range, all or nearly all of the 
components of physiologic or pathologic sig- 
nificance are detected. This is indeed a formida- 
ble task and even if it proved {o be so in the 
present state of our knowledge, future progress 
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in some directions might be hampered by the 
widespread use of such instruments in research. 

The second reason for our interest is that the 
development and improvement of cathode ray 
apparatus has enabled us to investigate a 
much wider band of frequencies than was here- 
tofore feasible. It should thus eventually be 
possible to determine (1) whether the present 
instruments are satisfactory for routine clinical 
use, and (2) whether a greatly increased fre- 
quency range is of value in research. There are 
of course other recording characteristics capable 
of improvement, but our attention will be 
directed only to the frequency response. No 
attempt has been made to study the problem 
of phase shift. 

In late years, there has been almost no interest 
in the low frequency characteristics of electro- 
cardiographs. The advent of the amplifier type 
of recorder some years ago raised the problem 
of the amount of distortion of slow waves intro- 


duced by the time constant factor. It was finally 
agreed that a time constant of 2.0 seconds or 
more would give almost distortionless repro- 


duction of slow components and this standard 
is achieved by practically all commercial in- 
struments. Recently an attempt has been 
made to minimize low frequency potentials 
from sources outside the heart by decreasing the 
time constant. Certain of the tracings thus re- 
corded showed characteristics which appeared 
to be caused by too short a time constant. It 
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was thought advisable to re-investigate this 
problem. 


Hicu FREQUENCY RESPONSE 


Little work has been done to determine the 
relative magnitudes of the various harmonics 
of the cardiac potential. Einthoven was 
certainly aware of the problem because he 
succeeded in reaching a frequency response of 
300,000 cycles per second by the use of a fine 
string less than 1 mm. in length.’ In 1912 he 
wrote,? “If the string reaches its new position 
of equilibrium within about 0.01 second or less, 
the instrument is rapid and at the same time 
sensitive enough for recording E.K.G.s with 
sufficient accuracy. The deviations from an 
ideal E.K.G. which a curve recorded under 
these conditions exhibits are so small that in 
the great majority of cases they may be neg- 
lected. ... We are now justified in making the 
following conclusion. If the movements of the 
string could be made 10 to 100 times faster, 
the sensitiveness remaining the same, or even 
if, theoretically spoken, an instrument were 
available with an infinitely small deflection 
time, the form and dimensions of the recorded 
E.K.G.s would not be thereby perceptibly 
changed.” 

Einthoven’s conclusions appear to have been 
generally accepted without much question. 
Wiggers' in 1929 seems to have suggested that 
a frequency response of about 20 cycles per 
second was sufficient for practical purposes. 
In 1933 Reid and Caldwell’ re-investigated this 
problem using an oscillograph and amplifier 
having a much higher frequency response than 
the string galvanometer. Harmonic analysis 
indicated that the more rapid frequency com- 
ponents had significant magnitude and that the 
one hundredth harmonic was twice as large as 
the fundamental. 

In May 1947 the Council on Physical Medi- 
cinet of the American Medical Association 
laid down minimum requirements for electro- 
‘ardiographs and specified that the amplitude 
response to a 1 mv. alternating (or sinusoidal) 
signal must be not less than 50 per cent at 40 
cycles. In June 1950 this was revised® so that 
the response “...up to 40 cycles per second 


shall not fall below 80 per cent of the square 
wave response to equivalent voltage variation.” 
This specification is low enough to make ac- 
ceptable most of the popular makes of in- 
struments. Some of the early models of direct 
writers barely reached this level of perform- 
ance; the later ones are better, but it is evident 
that the inertia of the writing apparatus is a 
limiting factor which will never permit it to 
approach the frequency capabilities of the 
cathode ray oscillograph. 

The problem remained in abeyance until 
it was taken up by Gilford of the United States 
Bureau of Standards. Preliminary results® were 
reported in 1948 and his tentative conclusions 
may be reasonably summarized as follows: (1) 
The necessary frequency response characteris- 
tics of electrocardiographs have not yet been 
accurately specified, but probably should be 
flat to 200 cycles per second, a figure not at- 
tained by most available instruments. (2) Re- 
search demands instruments with a wider 
frequency range than heretofore used. An in- 
terim report’? of further work was made in 
1949. Simultaneous tracings were made with 
several standard models and compared with 
that of a wide-band cathode ray recorder whose 
response was down 3 decibels at 1200 cycles. 
As we shall see, this is somewhat better than 
we had arbitrarily selected as our highest 
response. Gilford felt that the direct-writer 
was adequate for routine purposes but that 
research required high fidelity apparatus with 
a frequency response up to 200 cycles. 

It has been customary to make instruments 
only slightly better than good enough to meet 
the presumed requirements, partly because of 
cost and partly because operating complica- 
tions are introduced at higher frequencies. It 
is obvious that previous assumptions about 
frequency response requirements are not based 
on exact information and that further investiga- 
tion is indicated. 


Method 


The ability of the recording instrument to re- 
spond to signals of different frequencies may be 
tested by putting in a sinusoidal signal of constant 
voltage and measuring the amplitude of the re- 
corded deflections at each selected frequency. When 
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the frequency of the signal is increased a gradual 
and then a more abrupt decrease in the magnitude 
of the response takes place as the limit of the in- 
strument is reached. (See fig. 1.) 

It was pointed out above that determination of 
the necessary frequency response characteristics of 
an instrument can be achieved by the harmonic 
analysis of records taken with very high frequency 
apparatus and by estimating the relative ampli- 
tudes of the various harmonics of the complex ac- 
tion current. An adequate frequency limit may then 
be’set at a point just above where the amplitude of 
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Fig. 1. Frequency response curves (logarithmic) 
showing the tap positions on the cathode ray electro- 
cardiograph selected to represent approximately 
these conditions: (1) better than conventional elec- 
trocardiograph*; (2) commercially available cathode 
ray electrocardiograph; (3) typical string galvanom- 
eter; (4) direct writer; (5) minimum requirement 
of American Medical Association; (6) much _ be- 
low minimum requirement of American Medical 
Association. 


the fast components is found to be too small to affect 
the shape of the curve visibly. This method is time- 
consuming and requires special apparatus and con- 
siderable mathematical skill. For these reasons, in 
this investigation we used the more practical method 
of taking records with different frequency response 
limitations and comparing them with one another 
in respect to amplitude and form. A definite change 
at a given level of response was taken to indicate 
suppression of more rapid components. 

The cathode ray electrocardiograph used in these 
experiments had its high frequency response adjust- 
able by a tap switch to six different settings, identi- 
fiable on figure 1 by the numbers one to six, position 
one having the highest response. The different re- 
sponses available were chosen to represent to a first 
approximation the following conditions: 

Position 1. Considerably better than any con- 

ventional electrocardiograph. 


Position 2. Commercially available cathode ray 

electroc ardiograph.* 

Position 3. Typical string galvanometer type 

electroc: sienna, 

Position 4. Direct-writer electrocardiograph. 

Position 5. Minimum requirement as stated by 

Council on Physical Medicine of American 
Medical Association. 

Position 6. Appreciably worse than position 5. 

(The data for determining positions 3 and 4 were 
obtained from the paper by 8. R. Gilford.®) 

It was, of course, not always possible to make 
the response curves of the cathode ray unit agree 
exactly with the curves for the other types of elec- 
trocardiographs, but in general the curves are 
reasonably representative. In particular, Gilford’s 
curves for string galvanometers actually fall between 


TABLE 1.—Frequency Response Characteristics (in 
Cycles per Second) of Tap Positions of Cathode 
_ Ray Electrocardiograph (see Fig ‘ig. 1) 


Re Frequency for 
Position 90% response 
(1 db. down) 


Frequency for | Frequency for 
70% response 50% response 
(3 db. down) (6 db. down) 


300 760 1300 
- 135 230 
74 140 

47 78 

31 43 

— 15 


positions 2 and 3 above. In most cases the response 
curves on the cathode ray unit do not fall off as 
steeply as the curves for the other types of electro- 
sardiograph. Table 1 shows the actual frequencies 
in cycles per second at which certain specific re- 
sponses were obtained. 

A large number of records were taken on a variety 
of normal and abnormal individuals. No attempt 
was made to study a particular type of case but 
many examples of congenital heart disease were 
utilized because high frequency components were 
common in this group. From 6 to 12 complexes 
were recorded for each tap position. Where there was 
variation in the form and size from complex to 
complex, the patient was asked to hold his breath 
during the recording. If the variation was not 
thereby abolished, the record was discarded. It was 
considered that a frequency response greater than 


* At that time the response of the cathode ray elec- 
trocardiograph was deliberately limited to diminish 
possible amplifier noise and muscle potential. Cur- 
rent models are slightly better than position 1. Mus- 
cle potentials are largely eliminated by placing the 
electrodes on the upper arm and amplifier noise has 
not proven to be a problem. 
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1300 cycles would probably not be useful due to 
limitations in the resolving power of the recording 
system at the standard speed of 25 mm. per second. 
This has also been pointed out by Gilford.* In more 
recent experiments a variety of faster speeds has 
been employed. 

For purposes of direct comparison simultaneous 
records were taken on four different types of instru- 
ment, (a) a cathode ray electrocardiograph set at 
position 1, (b) a popular amplifier type of mirror 
galvanometer recorder, (c) a recent (1950) model of 
a direct writer, and (d) a string galvanometer. Since 
the first three have a high impedance they were 
connected to common patient electrodes while a 
separate set had to be used for the string galvanom- 
eter. With the latter a chest lead on the same site 
could not, of course, be taken at the same time as 
on the other recorders. Identification of simul- 
taneous complexes was achieved by pressing the 
four standardization switches at the same time. 

Since the above investigation was completed a 
new cathode-ray, four channel, biologic recorder 
has become available.* It is capable of taking four 
simultaneous electrocardiograms or two simul- 
taneous vectorcardiograms. The high frequency 
response can be limited by means of filters which 
decrease the response at a rate of 6 decibels per 
octave. The maximum frequency available was 
6400 cycles per second for 6 decibels down (50 per 
cent voltage response), and the other tap positions 
were one octave apart at frequencies of 3200, 1600, 
800, 400, 200, 100, 50, 25 and 12.5 cycles per second. 
At each of the levels the voltage response was 
50 per cent (down 6 decibels). The slopes of the 
frequency response curves are similar to those of 
positions 2 and 3 in figure 1. In the examples shown 
later, frequency levels of 50, 100, 200 and 6400 cycles 
were selected so as to represent to a rough approxi- 
mation the earlier American Medical Association 
requirement,‘ the performance of a string galvanom- 
eter, the level suggested by Gilford® and finally the 
maximal presently available with this apparatus. 
It must be appreciated that an increase of frequency 
response invites difficulties in the way of tube noise 
and high frequency interference. These may be re- 
duced to a great extent by careful selection of tubes 
and proper preparation and placing of the patient 
and instrument, but some allowance must be made 
for minor irregularities of the base line particularly 
at high gains. 


Results 


No attempt has been made to study system- 
atically a large series and determine statistically 
at what level of frequency response the form 





* Manufactured by Smith and Stone Ltd., George- 
town, Ontario, Canada. 


of the electrocardiogram would show all the 
necessary harmonics. It is, however, clear that 
many routine electrocardiograms appear to be 
satisfactory in this respect at a level of 135 
cycles per second (3 decibels down). Some 
others show little change even at 74 cycles per 
second (3 decibels down). Below this level 
practically all records are distinctly altered, 


Fic. 2. Electrocardiograms of five different sub- 
jects (from above downwards) showing the tap posi- 
tions numbered | to 6 as in figure 1, the highest fre- 
quency response being at the left and the poorest at 
the right. In this and in figure 3 time and horizontal 
lines have been removed from some of the records. 
Standardization 1 mv. = 1 em. 


These remarks apply of course only to tracings 
taken at standard speed. 

The records seen in figure 2 were selected to 
show the type of changes encountered. The 
character of these changes is similar to those 
noted by Gilford,’ namely, decreased ampli- 
tude, ‘smoothing out” of splintering and notch- 
ing, and disappearance of small amplitude 
waves. In most of the waves measured only 
slight decrease in amplitude is noted at posi- 
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tion 2, but becomes more marked as the fre- 
quency response is decreased. Apart from 
amplitude differences, inspection of the records 
shows progressive loss of beading and notching, 


Fic. 3. Electrocardiogram taken simultaneously 
on four instruments: (from above downwards) cath- 
ode ray electrocardiograph, string galvanometer, 
mirror galvanometer, direct writer. 


and increasing density and hence slowing of the 
trace from left to right. Since the electrocardio- 
graphic lead is but a scalar projection of the 
vector which is the resultant of a multitude of 


vectorial quantities, it is obvious that rapid 
reversals in the direction of the vector are 
visible on the electrocardiogram as notches 
which are minimized or wiped out in some types 
of apparatus with limited capabilities. In small 
animal records’ very rapid waves form an 
important part of the complex, but whether 
they have any physiologic or pathologic sig- 
nificance in man is apparently unknown. It is 
our impression that young individuals with 
normal hearts are most likely to show these 
features. It would be interesting to know if 
there is a progressive loss of these fast waves in 
serial electrocardiograms in man over a period 
of years, particularly where the cardiac muscle 
is diseased. 

In some cases progressive decrease and 
eventual obliteration of small amplitude waves 
were noted. In figure 2c this is well exemplified 
in the S and 8’ waves. In figure 2e the Q is well 
preserved but the S decreases considerably at 
position 4 and disappears at position 5. 

In figure 3 are shown simultaneous records on 
the four instruments, in order from above 
downwards, cathode ray, string galvanometer, 
amplifier and direct writer. In the complex de- 
noted by x the § is clear in both cathode ray 
and direct writer records, present but small in 
the amplifier tracing and frequently absent in 
that of the string galvanometer. It is fair to 
assume that the cathode ray traces represent 
the maximum voltages obtainable with the 
frequency response at position 1. Overshooting 
of course cannot be a factor with a beam of 
electrons. The amplifier type revealed consist- 
ent defects of amplitude throughout. The direct 
writer showed up very well in the actual 
measurements and fairly well in the minor 
notchings too small to be calculated. It must 
be emphasized again that in a number 
of records the differences among the various 
recorders were of minor degree and not of 
significance in our present state of knowledge. 

It cannot be denied that factors other than 
frequency response may have accounted in 
some degree for the variations in simultaneous 
complexes taken with different types of ap- 
paratus. Elimination of other possible factors 
was achieved by simultaneous recording of four 
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complexes on the same apparatus with the 
added and not inconsiderable advantage of in- 
creased paper speed to spread out and render 
more easily visible the rapid oscillations. In 
figures 4 and 5 are shown several series of such 
complexes at various recording speeds. In 
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be noted that in fig. 4c only the P wave and 
QRS complex are shown and in fig. 4d only 
the QRS complex. The difficulties of labeling 
the various parts of the QRS complex are 
demonstrated in figure 4c. At frequencies of 
50, 100 and 200 cycles, the main upward de- 


4 


Fic. 4. Four simultaneous records of lead Vz; of a normal subject taken at different frequency 
responses and different speeds. Top row 50 cycles per second, second row 100 cycles, third row 200 
cycles, bottom row 6400 cycles (see text). Speeds: (a) 25 mm. per second, with time and height lines, 
(b) 25 mm. per second, without time or height lines, (c) 100 mm. per second, (d) 250 mm. per second. 
Standardization 1 mv. = 8.5 cm. (5N). Inc only P and QRS are shown and in d only the QRS. 


figure 4a and b, even at standard speeds, 
marked differences are quite evident. These 
are plainly seen between the records at 50 and 
100 cycles and between 100 and 200 cycles but 
are not so obvious between 200 and 6400 cycles. 
Visibility is improved by increasing the paper 
speed to 100 mm. per second (fig. 4c) and is 
best at 250 mm. per second (fig. 4d). It should 


flection would be called the R wave. But at a 
frequency of 6400 cycles the first downstroke 
returns to below the baseline and becomes an 
S wave and the process is immediately re- 
peated. Hence, among other variables, the 
capabilities of the recording instrument in- 
fluence the labeling of the complex. 

As previously noted, the amplitudes of the 
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components of a complex are greatly affected 
by restriction of the frequency response. 
Thickenings and slurrings of the trace become 
well defined notches at higher frequencies, es- 
pecially when spread out (fig. 5a and 5b). 
In figure 5c are shown the comparative de- 
flection times of a standardization signal im- 
pressed on each channel at different frequency 
responses. At 6400 cycles the deflection time 


Fic. 5. Four simultaneous records of lead V;, taken 
at the following frequency responses (see text): top 
row 50 cycles per second, second row 100 cycles, third 
row 200 cycles, bottom row 6400 cycles. Speeds: (a) 
25 mm. per second, (b) 250 mm. per second. Stand- 
ardization 1 mv. = 8.5 em. (5N). In 6 only QRS is 
shown. (c) Effect of frequency response on deflection 
time of standardization signal. Frequencies 50, 100, 
200, 6400 cycles, from above downward. Speed 500 
mm. per second. (The figure has been reduced to one- 
half original size.) 


is practically zero, at 200 cycles it is about 
0.002 second, at 100 cycles about 0.005 sec- 
ond and at 50 cycles, about 0.008 second. 
Figure 6 demonstrates the effect of differ- 
ences in frequency response on the form of 
the vectorcardiogram. In figure 6a the upper 
vectorcardiogram was taken at 6400 cycles 
and the lower simultaneously at 50 cycles. 
Considerable change in contour is evident. In 
figure 6b the upper vectorcardiogram was 
taken at 6400 and the lower at 200 cycles. 


Differences, though less marked, are still ob- 
vious. If any useful information is to be ob- 
tained from the vectorcardiogram other than 
the axis and the direction of the loop, high 
frequency apparatus should ke utilized in the 


investigation. 
L 
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Fiac. 6. Simultaneous frontal plane vectercardio- 
grams. (a) Upper, frequency 6400 cycles; lower 50 
cycles. Standardization 1 mv. = 2 cm. (b) Upper, 
frequency 6400 cycles; lower 200 cycles. Standaraiza- 
tion 1 mv. = 5 em. (The figure has been reduced to 
one-half original size.) 


Low FREQUENCY RESPONSE 


Low frequency components of the cardiac 
potential are accurately represented by the 
string galvanometer. The introduction into 
the field of electrocardiography of moving coil 
galvanometers requiring valve amplification 
aroused considerable controversy in the ke- 
ginning as to the possibility of introducing 
distortions into the record. The property of a re- 
sistance-capacitance coupled amplifier usually 
termed “low frequency response” or ‘time 
constant”? governs the amplifier’s ability to 
reproduce faithfully a sustained departure of 
the wave form from the baseline. It is well 
recognized that if a steady direct current sig- 
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nal is applied to such an amplifier, the output 
will eventually return to the baseline,* follow- 
ing a curve which is usually logarithmic in 
shape. The time constant of an amplifier 
having such a decay curve is defined as the 
time required for the output response to fall 
to 36.8 per cent of its initial value when a 
steady direct current signal is applied. 

Since the decay curve is logarithmic from 
the start Miller? modified the circuit so that 
decay did not begin for 0.1 to 0.2 second. 
The standard laid down by the Council on 
Physical Medicine’ states that “the response 
of the instrument at 0.2 second after the ap- 
plication of a direct current of 1.0 millivolt 
shall not deviate more than +10 per cent 
from the response at 0.04 second.”’ If the shape 
of the decay curve is assumed to be truly 
logarithmic this corresponds to a time constant 
of approximately 2.0 seconds (see figure 7e). 
In this respect, most instruments in use today 
are presumably satisfactory. 

Dock’ found that capacitance in the circuit 
produced changes in the amplitude of S and T 
waves and displacement of the S-T segment. 
The distortions varied directly as the voltage 
of the QRS complex and inversely as the re- 
sistance and capacitance of the circuit. Ernstene 
and Levine" compared the records taken on 
25 patients with both the amplifier type and 
the string galvanometer and found some de- 
crease in amplitude with the former, but did 
not regard the difference as significant in most 
vases. Pardee” denied that the distortions 
found by Dock'® could be due to capacitance. 
A detailed study of the effect of condensers 
in the patient-instrument circuit was made by 
Schwarzschild and Kissin." They pointed 
out that “a capacitance represents an imped- 
ance to the flow of electric current inversely 
proportional to the frequency of alternation of 
the current. It offers a practically infinite 
impedance to low frequency currents which are 


* Strictly speaking, the level to which the waves 
decay is the ‘‘mean value’’ or the level having equal 
areas above and below it. With the wave forms of 
the type found in electrocardiography there is rarely 
any significant difference between the baseline and 
the mean value. 


evidenced by a drift (‘skin current’), whereas 
it offers little impedance to currents caused by 
the rapidly fluctuating heart voltage.” It was 
concluded that the important distortions intro- 
duced by the use of condensers lay in the 
amplitude of the R and deviation of the RS-T 
segment. They calculated that a time constant 
of 2.0 seconds would be sufficiently long to 
avoid most distortions and still permit reason- 
ably rapid compensation for drift and similar 
effects. Recently this subject has been reviewed 
in detail by Lepeschkin." 

It is often difficult to obtain satisfactory 
esophageal leads because of extraneous low 


Fig. 7. (a) One millivolt signal with time constant 
of 2.0 second and high frequency response at position 
1 (see fig. 1). (b) Same with time constant reduced to 
0.1 second. (c) One millivolt signal with time con- 
stant of 2.0 second and high frequency response at 
position 4 (see fig. 1). (d) One millivolt signal with 
time constant of 0.1 second and high frequency re- 
sponse at position 4 (see fig. 1). (e) Decay curve with 
time constant of 2.0 second. (f) Decay curve with 
time constant of approximately 0.1 second. 


frequency potentials which cause considerable 
wandering of the base line. A condenser in- 
serted in series with the patient will decrease 
low frequency potentials in the electrocardio- 
gram. Recently’: '® an attempt has been 
made to minimize these potentials by placing 
a condenser-resistor network having a time 
constant of approximately 0.1 second between 
the exploring electrode and the amplifier of 
the recording instrument. It was claimed that 
this attenuated frequencies of 1.5 cycles per 
second and less and had little effect on fre- 
quencies greater than 2.5 cycles per second. 
Records made with and without this filter were 
said to be similar. From the values for the 
condense and resistor used, it is calculated 
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that the time constant of this network would 
be 0.1 second. Thus the output signal would 
fall to 36.8 per cent of its original value in only 
0.1 second. 

In the case of the steady direct current input 
signal previously mentioned, if the input is 
suddenly reduced to zero before the output has 
decayed completely to the base line, the output 
will be driven in the opposite direction by the 
full value of the original signal. If the duration 
of the signal is very short, the sloping top of 
the wave is often not obvious and only the 
overshooting below the base line is evident. 
However, the sloping top must actually be 
present if the overshooting is observed. The 
effects of high frequency and of low frequency 
response are interrelated insofar as the shape 
of the resultant record is concerned. If the high 
frequency response is limited, the upward 
deflection will be sufficiently slowed so that the 
downward slope at the summit will be mini- 
mized. 


These distortions are demonstrated in figure 
7. In figure 7a a 1.0 mv. standardizing signal 
of very short duration with a time constant of 
2.0 seconds is shown. The top of the record is 


flat and the return to the base line is exact 
(see footnote on page 105). In figure 7b the time 
constant has been changed to 0.1 second and 
there is an obvious downward slope at the 
peak and a dip below the base line. Both of 
these records were made with the high fre- 
quency tap at position 1. (See fig. 1.) In figure 
7c the high frequency has been reduced to 
position 4 (fig. 1) which slows the upstroke 
near the peak and the downstroke near the 
base line. In figure 7d both the low frequency 
and high frequency responses have been re- 
stricted. Compared with figure 7b the down- 
ward slope at the summit has been minimized 
while the base line depression has been little 
affected. 

Although electrocardiographic wave forms 
are not composed of idealized square waves, 
one can make certain generalizations from what 
is known about the performance with square 
waves. Any interval in which the electrocardio- 
graphic wave is appreciably removed from the 
base line should be considerably shorter in 
duration than the time constant of the amplifier 


if the above type of distortion is to be avoided. 
The exact factor required obviously depends 
on how much distortion can be tolerated. On 
an idealized square wave a duration of time- 
constant/5 or longer would certainly produce 
noticeable distortion, whereas any duration 
less than approximately time-constant/20 
would probably be accepted as free from dis- 
tortion. Wave components very much shorter 
than the amplifier time constant (rapid, nearly 
vertical components) will be unaffected by 
the time constant and will be reproduced at 
their correct amplitude, provided of course 
that they are not so rapid that high frequency 
factors affect them. 

The two most important types of wave in 
electrocardiography which are affected by a 
time constant as short as 0.1 second are the 
QRS and the T. In QRS complexes of average 
duration, say 0.08 second, some distortion 
may be expected since they are shorter than 
the amplifier time constant by a factor of less 
than 2. This will show up partly as a decrease 
in amplitude because during the rising interval 
the output will be decaying slightly, and even 
more noticeably as an overshooting of the 
base line at the completion of the QRS. Such 
components as T waves represent relatively 
long intervals of sustained deflection from the 
base line. Because these components do not 
even approach the time-constant/5 standard 
mentioned above for slightly noticeable dis- 
tortion, one might expect to find severe dis- 
tortion occurring with such waves. If the T 
were truly a square wave and of 0.3 second 
duration, distortion might be expected in an 
amplifier system having a time constant of 
0.1 second. In the case of a component as long 
in duration as this example, even the American 
Medical Association requirement of a 2.0 
second time constant might be considered as 
inadequate for completely distortionless ampli- 
fication. Thus with the usual wave forms en- 
countered in electrocardiography, the general 
effects of an inadequate time constant are 
premature return to the base line and over- 
shooting. 

Inspection of the records in the article by 
Scherlis and co-workers'® suggested that some 
of the abnormalities were due to deficient low 
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frequency response. There are obvious ad- 
vantages in such a circuit to facilitate the 
taking of esophageal electrocardiograms but 
it was felt necessary to investigate the possi- 
bility of having introduced distortions which 
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Fig. 8. Twelve 


Scherlis and associates’ in their input circuit. Figure 
7f shows the cathode ray amplifier output when a 
square wave is applied to the input. The time con- 
stant is seen to be very close to the 0.1 second value. 

Figure 8 shows a series of complexes taken from 
a large number of patients, some of whom had 


2 pairs of complexes taken from a variety of normal and abnormal records. The upper 


of each pair has a time constant of 2.0 second and the lower a time constant of 0.1 second. In a and 
b the introduction of the filter has depressed the S-T segment and in b (only the premature beat), 7, j, 
and k has elevated the S-T. In / the S-T depression caused by infarction has been almost completely 


abolished by the filter. 


would render the method valueless and indeed 
misleading. 


Method 


To simulate the performance of an electrocardio- 
graphic system incorporating a filter of the type 
described, one of the coupling circuits in the cathode 
ray electrocardiographic amplifier was modified to 
give an over-all amplifier characteristic having a 
time constant of 0.1 second, the same as used by 


cardiac infarction. The upper of each pair is the 
complex taken with the usual time constant while 
the lower is taken with the filter in the circuit, the 
resulting time constant being 0.1 second. Usually 
they were not recorded simultaneously but were 
taken on the same strip, the filter being inserted 
by turning a convenient control. In some cases simul- 
taneous records were taken on two cathode ray 
electrocardiographs connected to the same elec- 
trodes, one having a “normal” low frequency re- 
sponse and the other a poor low frequency response. 
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Results 


Depression of R-T or RS-T segment is well 
demonstrated in figure 8a and b. Elevation of 
S-T is seen in figure 8h (premature beat), 7, 7 
and k. Gross distortions of T wave are evi- 
dent in figure 8b, c and d, and in figure 8f, g, h 
and j. While most of these deformities are of 
such a type as to simulate those associated 
with myocardial ischemia, the opposite change 
may be present. In figure 8/, the S-T depression 
caused by cardiac infarction is nearly abolished 
by the introduction of the filter. 

Attention is drawn to figure 3 in the article 
by Scherlis and his colleagues.'° The esophageal 
lead before exercise shows elevation of the 
S-T segment and an almost straight downward 
slope similar to that seen in our figure Sk. 
Leads Es and Ey in figure 2a of the paper by 
the same group” appear to show the same dis- 
tortion. Esophageal lead E; in figure la of 
another report by the same authors’ resembles 
our figure 8/. In another article!? lead E; of 
figure 2 shows a resemblance to our figure 
8k. Further examples of distortion can be 
found in the above mentioned tracings. Of 
course some leads will show little if any altera- 
tion, and in others changes due both to disease 
and to poor low frequency response will be 
present. It is possible to calculate the amount 
of this distortion and to make allowance for 
it, but this seems an unnecessarily laborious 
procedure. With practice one can estimate 
visually the degree and kind of distortion 
introduced, but because the alterations in 
repolarization produced by ischemia of car- 
diac muscle have certain resemblances to those 
of defective low frequency response, the in- 
terpretation of such records is made difficult 
or misleading by the use of such a filter in the 
circuit. 


SUMMARY 


The depolarization and repolarization of 
myocardial fibers results in changes in electrical 
potentials which take place both consecutively 
and simultaneously throughout the cardiac 
muscle. These potentials may be represented 
as vectorial quantities which at present cannot 
be isolated and analyzed individually, but 


which, added together, give a composite vector 
representing the resultant of all these forces 
regardless of the magnitude, sense and direction 
of the unit components. The electrocardiogram 
is the scalar projection of this vector on a 
chosen axis (lead). The potentials are made up 


of a variety of frequencies having different 
amplitudes at various times during the elec- 
trically active portion of the cardiac cycle. 
The origin and significance of the different 
frequencies of the currents are unknown and 
appear not to have been investigated. For sev- 
eral technical reasons, much of the recording 
apparatus has been incapable of registering 
the higher frequencies. Moreover, in the past, 
there has appeared to be no sound clinical 
or experimental reason for demanding instru- 
ments having an extended frequency spectrum. 
Recent changes and improvements in record- 
ing methods (direct writer and cathode ray 
electrocardiographs) have suggested the in- 
vestigation of the changes in the form and 
amplitude of the electrocardiogram (and vector- 
cardiogram) which might be revealed by using 
high fidelity apparatus. 

In some cases, except for slight loss of 
amplitude of QRS, little or no change could be 
found when a frequency above 47 cycles per 
second (3 decibels down) was used at normal 
paper speed and standardization. In others 
adequate representation was achieved with a 
frequency of 74 cycles while some tracings 
required at least 760 cycles. Although measure- 
ments of amplitudes of various parts of the 
QRS have a limited value in diagnosis, par- 
ticularly in an individual case, any set of 
normal values should take into account the 
capabilities of the recording apparatus. In 
addition to changes in amplitude, with high 
frequencies slurring of QRS was altered to 
beading and notching caused by rapid changes 
in the direction of the vector in one or more 
planes which were suppressed at lower fre- 
quencies. Minor changes are obscured by the 
use of the conventional speed, which fact has 
recently been emphasized by Langner.” 

The designation of different portions of the 
QRS by letters depends to some extent on 
the frequencies which are used (fig. 4c). Im- 
provement in apparatus has permitted study 
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of frequencies as high as 6400 cycles per second, 
utilizing higher gains and speeds up to 500 mm. 
per second. Preliminary observations suggest 
that further investigation of this range is 
warranted. Langner” believes that a frequency 
response flat to 330 cycles per second or prob- 
ably higher is needed for faithful reproduction 
of the electrocardiogram. Our results indicate 
that frequencies as high as 6400 cycles (6 
decibels down) may be required for research 
purposes. 

Low frequency components of the electro- 
cardiogram are adequately represented with 
a time constant of 2.0 seconds. Although low 
frequency potentials arising outside the heart 
are minimized or abolished by reducing the 
time constant to 0.1 second, distortion of the 
wave form, particularly the RS-T segment, is 
frequently introduced, rendering accurate 
interpretation difficult or impossible. To some 
extent the effects of high and low frequency 
responses are interdependent so that restric- 
tion of the former minimizes the distortion of 
the latter (fig. 7). 


CONCLUSIONS 


1. The high frequency response of most 
commercially available electrocardiographs is 
so restricted that in some records distortion is 
produced by the suppression of rapid compo- 
nents of the cardiac potential. 

2. The investigation of frequencies as high 
as 6400 cycles per second is warranted. These 
may prove to be of particular value in research. 

3. No attempt has yet been made to assess 
the practical significance of high frequency 
components with respect to pathologie proc- 
esses. 

4. Satisfactory resolution of these changes 
‘equires an increase of recording speed up to as 
high as 250 or 500 mm. per second. At these 
peeds the use of several times the normal 
zain aids visualization. 

5. The use of a condenser-resistor network 
0 eliminate extraneous low frequency poten- 
ials which are particularly troublesome in 
sophageal leads is contraindicated because 
erious distortions of the RS-T segment may be 

\troduced. 
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SUMARIO EspaNou 


El espectro de frecuencias que constituyen 
el potencial cardiaco no se ha explorado deteni- 
damente. Limitacién en el respondimiento 
electrocardiografico a altas frecuencias evita 
componentes Q.R.S. en algunos trazados cuyo 
significado permanece obscuro en el presente. 
Usando el oscilégrafo de rayo catodo se en- 
contré que frecuencias tan altas como 6400 
ciclos estan bajo estudio. La limitacién al 
respondimiento a bajas frecuencias mediante el 
uso de un condensador-resistencia para abolir 
potenciales extraios produce deformaciones 
serias del segmento RS-T. 


REFERENCES 


1 Wiaeers, C. J.: Principles and Practice of Elec- 
trocardiography. St. Louis, C. V. Mosby, 1929. 

2 EINTHOVEN, W.: The different forms of the human 
electrocardiogram and their signification. Lan- 
cet 1: 853, 1912. F 

3 Rep, W. D., AND CALDWELL, S. H.: Research in 
electrocardiography. Ann. Int. Med. 7: 369, 
1933-34. 

*CouncIL ON PuysicaAL Mepicine: Minimum re- 
quirements for acceptable electrocardiographs. 
J.A.M.A. 134: 455, 1947. 

5—: Minimum requirements for acceptable elec- 
trocardiographs (Revision). J.A.M.A. 143: 654, 
1950. 

6 GILFoRD, S. R.: Engineering Aspects of Biological 

Recorder Design. Paper given at AIEE-IRE 

Conference on Electronic Instrumentation in 

Nucleonics and Medicine, New York, Nov. 29, 

1948. 

: High fidelity electrocardiography. Paper given 

at AIEE-IRE Conference on Electronics in 

Nucleonics and Medicine, New York, Oct. 31, 

1949. 

5 Rappaport, M. B., anD Rappaport, I[.: Electro- 
cardiographie considerations in small animal 
investigations. Am. Heart J. 26: 662, 1943. 

®Mitier, A.: Quoted by Rappaport and Rappa- 
port.® 

10 Dock, W.: The distortion of the electrocardiogram 
by capacitance. Am. Heart J. 4: 109, 1928-29. 


7 





110 FREQUENCY RESPONSE AND FORM 


ll ERNSTENE, A. C., AND LEvINE, 8. A.: A compari- 
son of records taken with the Einthoven string 
galvanometer and the amplifier type electro- 
cardiograph. Am. Heart J. 4: 725, 1928-29. 

2 ParDEE, H. E. B.: The distortion of the electro- 
cardiogram by capacitance. Am. Heart J. 5: 
191, 1929-30. 

13 SCHWARZSCHILD, M., AND Kissin, M.: The effect 
of condensers in the electrocardiograph. Am. 
Heart J. 9: 517, 1933-34. 

1 LePESCHKIN, E.: Modern electrocardiography, 
Volume I. Baltimore, Williams & Wilkins, 1951. 

15 ScHERLIS, L., SANDBERG, A. A., WENER, J., 
Master, A. M., AND GrisHmMan, A.: RS-T 
segment displacement in induced coronary in- 
sufficiency as studied with esophageal leads. 
Circulation 2: 598, 1950. 

16 GRISHMAN, A., AND PaLevINn, M. H.: An electric 
filter for esophageal electrocardiography for 


the attenuation of extraneous low frequency 
potential. J. Mt. Sinai Hosp. 18: 134, 1951. 

17 SANDBERG, A. A., SCHERLIS, L., GRISHMAN, A.., 
AND WENER, J.: The nature of the RS-T seg- 
ment displacement as studied with esophageal 
leads. III. The effects of digitalis. Circulation 
2: 921, 1950. 

18 SCHERLIS, L., WENER, J., GRISHMAN, A., AND 
SanpBeRG, A. A.: The ventricular complex in 
esophageal electrocardiography. Am. Heart 
J. 41: 246, 1951. 

19 WENER, J., SANDBERG, A. A., AND SCHERLIS, L.: 
The nature of the RS-T segment displacement 
as studied with esophageal leads. Am. Heart 
J. 41: 410, 1951. 

20 LANGNER, P. H.: The value of high fidelity elec- 
trocardiography using the cathode ray oscillo- 
graph and an expanded time scale. Circulation 
5: 249, 1952. 


é 
t 
é 
f 
' 
F 
&- 





CLINICAL PROGRESS 


Editor: HERRMAN L. BLumeart, M.D. 


Associate Editor: A. Stone FREEpBERG, M.D. 


The Heart in Anemia 


By Wiiu1am B. Porter, M.D., anp G. Watson James, III, M.D. 


HAT reduction in the oxygen carrying 

capacity of the blood has important 

effects on the normal as well as the 
diseased heart is not fully appreciated by 
many. This discussion will be concerned not 
only with the effect of anemia on the normal 
and the diseased heart but also with its effects 
on respiration and the metabolism of the 
tissues. 

Many comprehensive discussions of the 
pathologic physiology of the cardiovascular 
and respiratory systems in anemia have ap- 
peared in current medical literature during 
the past years.! *» § These are excellent sources 
of basic information for those interested in 
the complex problems of the physiologic 
adjustment to diminished oxygen-carrying 
capacity of the blood. In the present discus- 
sion, a less formal pattern will be adopted. 
\t times statements will be made in the spirit 
of expressed personal opinion, obviously not 
hased upon documented data. This is pre- 
meditated, for, convinced that many aspects 
of the total problem need additional study, 
we wish to be provocative. 

Much of the obvious inconsistency in the 
vreat mass of published data stems from the 
‘ailure of observers to be sufficiently critical 
i the type of patient selected for study. It is 
ur conviction that any patient who has a 
arying degree of anemia, regardless of its 
luration, is not chronic from the standpoint 
' physiologic adjustment; acute stresses from 

varying intensity of anemia introduce emer- 
eney reactions which do not operate in the 
ily aeclimatized true “chronic anemia” 
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seen in its most classic form in some parasitic 
anemias. 

Four principle mechanisms may operate 
in anemia to maintain a normal or near normal 
oxygen supply to the tissues. These processes 
never function singly; the importance of each 
in a particular case depends upon the severity 
and the duration of the anemia. The four 
mechanisms are indicated by the following 
facts: 

1. The cardiac minute volume output is 
increased. 

2. The velocity of blood flow is increased. 

3. The removal of a greater percentage of 
oxygen from each gram of circulating hemo- 
globin results in increased oxygen delivery to 
the tissues without burdening the heart. 

4. Selective shunting of blood-to vital organs 
from areas of lesser importance is a process 
which operates in normal individuals but is 
developed more selectively and in greater 
magnitude during the stress of chronic anemia. 

An increase in cardiac output in patients 
with anemia has been consistently demon- 
strated by most investigators, but the magni- 
tude of the increase is not well correlated with 
either the degree or duration of anemia. The 
cardiac output is usually increased when the 
hemoglobin is 7 Gm per 100 cc. or less**; 
nevertheless, there are many exceptions. The 
predictable cardiac output in anemic patients 
is more consistently related to pulse rate and 
velocity flow than to the hemoglobin level.® 
This, however, is true only in anemias of vary- 
ing degree or of short duration. When one 
investigates patients with parasitic anemia 
with relatively constant hemoglobin levels 
over periods of years, an increased cardiac 
output at rest is not indicated either by tachy- 
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‘ardia or by increased rate of velocity flow. 
Data obtained under basal conditions in five 
patients of 23 to 49 years of age with hook- 
worm anemia illustrate the point in question 
(table 1). The subjects in table 1 were selected 
for study because of their ability to work as 
laborers without distress. 

A review of the data in table 1 indicates 
that these individuals under resting conditions 
very likely did not have an increase in cardiac 
output, but were able to meet basal oxygen 
requirements by other mechanisms. The pulse 
rate averaged 70 per minute. The diastolic 
blood pressure was low, averaging 56 mm. 
The circulation time, sodium cyanide method, 
basilic vein—carotid sinus, averaged 19 seconds. 


TaBLE 1.—Physiologic Data in Hookworm Anemia 


B.P. Cir. Time ae 
Age, — (mm. Hg) — Hgb. (Gm. Press. 
Min = —| 100 cc.) (mm. 


Syst. Diast.| A.C.*| pS: -_) 


23 62 95 é 19 10 _ 40 
30 82 110 ‘ 11 3. 55 
40 74 105 50 11 3.8 38 
45 56 118 65 | 22 15 < 
49 76 120 65 19 14 


4 
5. 


* Arm to carotid sinus circulation time, sodium 
cyanide method. 
+ Crude pulmonary circulation time. 


If the volume of cardiac output per minute is 
determined by rate of cardiac filling and pulse 
rate, it is improbable that these patients had 
an increased cardiac output under resting 
conditions. However, when they were subjected 
to physical stress in the form of standardized 
exercise, the cardiac rate increased from 70 
to 97 per minute. The diastolic pressure was 
unchanged, while the average systolic pressure 
increased from 110 mm. to 132 mm. Hg and 
the average circulation time decreased from 
19 seconds to 11.8 seconds. Even though no 
cardiac output studies were done, we conclude 
that under basal conditions of rest no cardiac 
stress was caused by the anemia in these com- 
pensated individuals, but when they were 
subjected to physical stress, increased cardiac 
output operated jointly with other mechanisms 
to supply the increased demand for oxygen. 


The increased cardiac output results from an 
increased pulse rate, acceleration of cardiac 
filling, and increased stroke volume with no 
increase in peripheral resistance. 

We suggest that tachycardia and increased 
velocity flow are not physiologically adapted 
to prolonged strain but rather are mechanisms 
to meet acute bodily stresses such as fever, 
exercise, hypermetabolism, and acute anemia. 

A review of our accumulated clinical material 
impresses us with the significant difference in 
the state of the heart in the ambulatory, 
physically active, anemic patient, and the 
patient who is inactive and as a rule confined 
to bed with essentially the same degree of 
anemia. We have studied many ambulatory 
patients with severe anemia and gross cardiac 
enlargement who show rapid reduction in 
‘ardiac size following bed rest without signifi- 
cant change in the degree of anemia. We have 
not seen unequivocal myocardial hypertrophy, 
post mortem or by reliable clinical technics, 
in an anemic patient unless he had been phys- 
ically active during most of the period of the 
anemic state, or unless some intrinsic cardiac 
disease or hypertension coexisted. 

The most frequent symptom is dyspnea on 
effort. The vital capacity of the lungs is a 
simple, sensitive index of the pulmonary reserve 
available for augmented respiratory function. 
The greater the vital capacity, the greater the 
margin of reserve between comfortable and 
uncomfortable breathing when increased pul- 
monary function is necessitated by an aug- 
mented volume of pulmonary blood flow. We 
have found pulmonary ventilation consistently 
increased on exercise in anemic patients with 
hemoglobin of 7 Gm. per 100 cc. or less. This 
occurs in normal individuals, but the differ- 
ence between the anemic and normal person 
is in the greater magnitude of increase in 
anemic individuals with an equivalent amount 
of work. This encroachment on respiratory 
reserve predisposes to dyspnea. 

It is not surprising that a lowered vital lung 
capacity has been observed in many anemic 
subjects.*: '° With the passage of time in the 
completely acclimatized individual, ventilating 
capacity may be definitely increased beyond 
normal, approaching that of the athlete." 
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Patients of this type are capable of much 
physical work even in a tropical climate in the 
presence of high degrees of anemia. To discuss 
the many biochemical and biophysical factors 
which operate in the dyspnea of the anemic 
patient is beyond the scope of this paper. A 
review of published data emphasizes the need 
for much additional work with special emphasis 
on the physiologic state of the adequately 
acclimatized anemic patient who, by virtue 
of the perfection of compensatory mechanism, 
can accomplish much physical work. 
Individuals with parasitic and other chronic 
anemias may exhibit more intense pallor than 
the hemoglobin levels indicate. This is similar 
to the pallor of myxedema which is due not 
only to the changes in the quality of the skin 
but to a reduced peripheral circulation. 
Plethysmographic measurements of the ex- 
tremities show diminished blood flow in the 
hands.”: * Direct observations on the capil- 
laries of the finger-nail fold in anemic patients 
show marked vasoconstriction"; the flow is 
slow. Our unpublished data are similar. The 
observations of Bradley and Bradley'® indicate 
greatly diminished renal blood flow in chronic 
anemia consequent to localized vasoconstric- 
tion of the afferent arterioles supplying the 
nephron. The renal blood flow in anemia may 
be reduced to a third or a half; yet the amount 
of plasma presented for filtration per unit of 
time is almost normal because of the low hema- 
tocrit values. Nitrogen retention is conse- 
quently uncommon unless primary renal disease 
coexists; however, some impairment of tubular 
function is usual, probably as a result of anoxia. 
These observations indicate that the state 
of the vascular bed is not constant but varies 
according to the need for oxygen in different 
areas of the body. The selective shunting of 
blood from areas of lesser physiologic impor- 
tance to more vital ones is effective in main- 
taining physical fitness. Since there is normally 
abstraction of 90 per cent or more of the 
oxygen from the coronary blood during its pas- 
sage through the myocardium, serious degrees 
of myocardial anoxia can be prevented in 
anemia only by great increases in the volume 
of coronary blood flow by the shunting of 
blood to this vital organ. That this does 


happen, there is little doubt, but direct ob- 
servations on the volume of coronary blood 
flow in anemic patients both at rest and during 
stress of physical work are needed. 

Numerous electrocardiographic studies in 
acute and chronic anemia indicate minor 
changes in approximately 20 per cent of the 
subjects. The changes are not specific for 
anemia and are usually minor in degree. Our 
observations and those of Hunter'® reveal that 
in the few patients showing gross abnormalities, 
no improvement in the _ electrocardiogram 
occurred in spite of successful treatment of the 
anemia. A review of our cases of chronic 
parasitic anemia shows the interesting fact 
that of those patients with irreducible cardiac 
enlargement, 86 per cent showed electro- 
cardiographic changes indicating left ventricu- 
lar preponderance. This is not conclusive 
evidence of increase in muscle mass, but it is 
highly suggestive when correlated with ir- 
reducible enlargement. 

The heart is the one organ which shows 
significant physical changes in chronic anemia. 
Bamberger” in 1857 concluded that cardiac 
enlargement was a frequent result of chronic 
anemia. Irvine in 1877 and Barrs'® in 1891 
attributed the bruits in chlorotic anemia to 
cardiac dilatation. Gautier?’.in 1899 recorded 
his observations in 22 cases of chlorotic anemia 
and found cardiac enlargement by percussion 
in 20. Cabot and Richards”! in 1919 observed 
cardiac hypertrophy in a patient dying of 
pernicious anemia in whom no other factor 
existed to account for the enlargement. In 
1927, we studied a patient with hookworm 
anemia with hemoglobin of 2.9 Gm. per 100 
ee. and a cardiothoracic ratio of 62 per cent. 
The heart size returned to a cardiothoracic 
ratio of 49 per cent when the hemoglobin 
increased to 14.6 Gm. per 100 cc. Ball” in 
1931 was the first to report a case of severe 
anemia studied with the aid of a teleroent- 
genogram recording a reduction in heart size 
with the relief of anemia. Ellis and Faulkner? 
in 1939 studied 47 patients with varying types 
and degrees of anemia. Of the 38 cases studied 
by x-ray, 20 showed cardiac enlargement. 
Later observations in 26 of these patients 
showed decrease in heart size in 18, with im- 
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provement in the hemoglobin level. In 1937 
one" of us reported the results of detailed 
studies on 18 cases of chronic parasitic anemia. 
It is significant to note that all of these pa- 
tients were ambulatory and many were doing 
physical work. This study showed increased 
cardiac size in all these patients. The data 
indicated that the increase in heart size in a 
few patients was due to reversible dilatation; 
in others it was due to reducible dilatation and 
hypertrophy, and in a third group, to definite 
hypertrophy unassociated with reducible dila- 
tation. 

The potential ill effect of anemia on the 
diseased heart or on the heart laboring under 
the stress of hypertension, hyperthyroidism, 
valvular heart disease, pregnancy, arteriove- 
nous fistula, or on the senile heart is a clinical 
problem of major importance. In many of 
these conditions high output failure is the rule. 
It is recognized that in these patients, relief 
of the failure is rarely satisfactorily accom- 
plished until the condition responsible for the 
increased cardiac output is eliminated. The 
relief of anemia may be a deciding factor be- 
tween recovery or intractable failure. 

Many observers have reported the occur- 
rence of angina of effort in patients with 
anemia.'*®: 2-81 Complete relief of angina pec- 
toris by appropriate treatment of the anemia 
has been observed. Such patients are ad- 
mittedly rare and are invariably in the age 
group in which coronary arteriosclerosis is 
common. There have been several case reports 
of angina and anemia in which no evidence of 
coronary artery disease was found at post- 
mortem examination. It is our conviction that 
in such patients the lumen of a small twig of 
a coronary artery was lessened by arterio- 
sclerosis, which is difficult to demonstrate 
post mortem. As previously mentioned, the 
normally large utilization of arterial oxygen 
by the heart predisposes to ischemic muscle 
pain in the area supplied by an artery with a 
narrowed lumen and inelastic wall. The three 
patients reported by one of us in 1932 and 
four additional patients observed since then 
support our belief that angina of effort occurs 
in patients with anemia only when the coronary 


arteries are abnormal. Six of the seven patients 
were carefully followed. Four have died from 
coronary artery occlusion, one has had myo- 
cardial infarction, and one is of particular 
interest. This patient had pernicious anemia; 
he was temporarily symptom-free when the 
hemoglobin was 8 or more Gm., but for the 
past 14 months he has been unable to walk 
even slowly on a slight incline unless the hemo- 
globin is 15 or 16 Gm. per 100 cc.; this suggests 
progressing coronary artery disease. Our con- 
clusion is that in the few patients who have the 
anginal syndrome associated with anemia and 
are rendered free of symptoms by relief of 
anemia, the complete diagnosis should be 
angina pectoris resulting from coronary in- 
sufficiency. 

It is generally appreciated that a systolic 
murmur is frequently heard at the mitral area 
in anemic patients. Such murmurs occasionally 
are heard over the base of the heart at the 
aortic area, but more frequently over the sec- 
ond and third left intercostal areas. These 
murmurs are rarely accompanied by signifi- 
cant thrills, are best heard in the recumbent 
position, are increased in intensity by exercise 
or amyl! nitrite inhalation, and are frequently 
associated with a snapping quality of the first 
cardiac sound quite suggestive of mitral steno- 
sis. These elusive apical phenomena are found 
in their most significant form following the 
hemolytic crises of sickle cell anemia. Joint 
pains and fever frequently accompany the 
crises, resulting in a clinical syndrome quite 
similar to rheumatic fever and rheumatic 
heart disease. It is our impression that these 
signs are more closely related to the accelerated 
circulation and tachycardia than to the degree 
of anemia. The mitral signs are best heard 
when the bell of the stethoscope straddles the 
intercostal space and is lightly applied to the 
chest wall. As a rule the snapping quality of the 
first sound will disappear if the bell of the 
stethoscope is pressed firmly to the chest wall 
and against the lower margin of the rib rather 
than over the intercostal muscles; this is not 
observed in mitral stenosis. 

Aortic diastolic murmurs accompanied by 
the peripheral phenomena of aortic regurgita- 
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tion are uncommon. Of the 34 anemic patients 
studied by Hunter,'* only one had an early 
diastolic murmur. We have observed a dias- 
tolic aortic murmur with the vascular phenom- 
ena of aortic regurgitation only twice since 
our interest in the heart in anemia became 
intense about 1925. In both of these patients, 
the anemia was severe with hemoglobin values 
of 2.6 and 3.1 Gm. per 100 cc. In each case 
there was gross cardiac dilatation; the aortic 
phenomena disappeared with bed rest and 
reduction in cardiac size before there was 
significant change in the degree of anemia. 
The diastolic murmur and fever which fre- 
quently accompany severe anemia may sug- 
gest bacterial endocarditis or active rheumatic 
heart disease. Prompt change in the cardiac 
phenomena following bed rest and appropriate 
treatment of the anemia simplifies the differ- 
ential diagnosis. 

We agree with Hunter'® that with the excep- 
tion of aortic diastolic murmurs, there is no 
constant relationship between the degree of 
cardiac enlargement and systolic murmurs. 
It is our impression that the murmurs are 
more related to cardiac rate and velocity of 
blood flow than to either cardiac size or re- 
duced oxygen carrying capacity of the blood. 

In many anemic patients the physical signs 
and symptoms, including edema, strongly 
indicate heart failure of the congestive type. 
A detailed study of many such individuals 
has convinced us that congestive failure does 
not result from anemia in patients whose 
hearts are otherwise normal. If true conges- 
tive failure occurs with elevated venous pres- 
sure, hepatomegaly, orthopnea, and paroxys- 
mal dyspnea, the coexistence of intrinsic 
cardiovascular disease is almost certain. The 
prognosis of congestive heart failure in the 
anemic patient is good, however, if the anemia 
can be successfully corrected. 


SUMMARY 


The following brief summary seems justified 
from the large volume of accumulated data 
dealing with the reaction of the cardiovascular 
system in the anemic patient. 


There are four mechanisms operating in the 
anemic patient which may increase the supply 
of oxygen to the tissues when the oxygen 
carrying capacity of the blood is reduced. 
Under conditions of rest, a rapid velocity flow 
and tachycardia with an increase in minute 
volume of cardiac output is the first response 
to anemia. As compensation develops, tachy- 
cardia and increased velocity flow are largely 
replaced by selective shunting of blood and the 
removal of an increasing percentage of oxygen 
in the tissue capillaries from each gram of 
circulating hemoglobin. 

These later physiologic mechanisms are best 
illustrated by patients with chronic parasitic 
anemias. Under conditions of physical stress 
each of the four physiologic mechanisms con- 
tribute in meeting the demands for increased 
oxygen requirements. Compensation is, how- 
ever, never perfect; the status of the patient 
is determined by the reduction in hemoglobin, 
the tissue oxygen requirements, the presence 
of physical changes in the cardiovascular and 
pulmonary systems, degree of oxygen abstrac- 
tion from the blood, and the selective shunting 
of blood. 

In relatively acute anemia, dyspnea readily 
occurs on physical exercise. Reduction in the 
ventilatory capacity of the lung occurring in 
some anemic patients results from an over-all 
reduction in physical fitness due to the anemic 
state rather than to physical changes in the 
lung. In well compensated, chronic anemia, 
the vital capacity of the lungs is frequently 
above normal and similar to that observed in 
athletes and completely acclimatized, high 
altitude inhabitants. 

In the absence of cardiovascular disease or 
physical or metabolic factors requiring in- 
creased cardiac output, true congestive heart 
failure rarely results from the anemic state. 

Effort angina is uncommon in anemic 
patients and when present is usually related 
to underlying coronary artery disease. 

Cardiac hypertrophy under certain condi- 
tions results from prolonged anemia. Since 
cardiac hypertrophy is rightly placed in the 
category of organic heart disease, one is justi- 
fied in classifying chronic anemia as one of the 
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etiologic factors in the production of heart 
disease. 
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The Arterial Spider and Similar Lesions of 
the Skin and Mucous Membrane 


By Wiuu1aM B. Bean, M.D. 


R. BEAN: The topic for the conference 
today will be the arterial spider of 
the skin! and other lesions of skin and 

mucous membrane which sometimes cause 
confusion in the minds of physicians. As back- 
ground for the discussion I will start with a 
short autobiographic note. This chronicle may 
help answer a question many students have 
asked me: “How did you get started in clinical 
research?” I do not recall having noticed or 
having had called to my attention the vascular 
spider of liver disease when I was an under- 
graduate student of medicine at the University 
of Virginia. When I was an intern on Dr. 
Longcope’s service at the Johns Hopkins 
Hospital, both Dr. Longeope and Dr. Ham- 
man commented casually upon the spider and 
remarked on its frequent association with 
chronic liver disease. Neither one was able 
to give me any references to medical writings 
on the subject, nor was their own information 
very extensive. When I went to the Thorndike 
Laboratory in Boston I again sought informa- 
tion on the significance of the spider and found 
that no one at that fountainhead of clinical 
research could give me any additional help. 
[ inquired of Dr. George Minot, Dr. Soma 
Weiss, Dr. Chester Keefer, Dr. William Castle 
ind many of their colleagues but was able to 
zet no more information than in Baltimore. 
“ollowing this, my migration westward began. 

Arriving in Cincinnati, I found that the 
pider was well known. Dr. Blankenhorn was 
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able to add a certain amount of information, 
but I am especially grateful to him for giving 
me access to a great many patients for what 
observations I chose to make. 

Before this phase of the story goes too far 
I would like to have Dr. Mitchell tell us about 
a girl from the Pediatric Service. 


Dr. Ricwarp C. MircHe.v: H. R., a 12 year old 
white girl, was admitted to the Pediatric Service 
on Jan. 29, 1953 with the diagnosis of recurrent 
hepatitis. She had a history of repeated episodes of 
jaundice over the past two years. She had been in 
good health until two years ago when she developed 
diarrhea, vomiting, and a slight fever. Four days 
after the onset of the illness her family noticed that 
she was becoming jaundiced. Her urine was a dark 
amber color, and her stools were clay-colored. She 
was kept in bed and given a high carbohydrate diet 
for three weeks. At the end of this time her jaundice 
had faded and she was allowed full activity. No 
inoculations had been given and no other skin punc- 
tures done prior to the onset of the illness. Approxi- 
mately 12 other people in the same community had 
a similar illness at the same time. Since the first 
episode two years ago she has had four or five similar 
attacks. The most recent began during the latter 
part of December and continued through the time 
of her admission to this hospital. Normal activity 
has continued between the attacks. Her appetite has 
decreased somewhat. Her health, in general, has 
been excellent between the episodes of jaundice. 
She has not yet reached the menarche. 

Physical examination upon admission to the hos- 
pital revealed a 12 year old girl with 2 plus icterus 
of skin and sclera. Arterial spiders were noted on 
both hands and on the right anterior thigh. There 
was no palmar erythema. The liver and spleen were 
both palpable 4 em. below the costal margins. They 
were not tender and revealed no irregularities. The 
breast development and pubic hair were average for 
her age. Axillary hair was absent. 
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Her course in the hospital has been uneventful. 
She has been afebrile. Her jaundice has remained 
unchanged. Her stools have continued to have a 
clay-like appearance and the urine a dark, amber 
color. Her appetite has been good and her general 
demeanor excellent. Many additional spiders have 
appeared on the anterior chest, neck and face. 

Laboratory examinations at the time of her ad- 
mission were as follows: The urine was dark amber in 
color, negative for blood, albumin and sugar; mi- 
croscopic examination showed bile stained crystals, 
and urobilinogen was 4 plus. Blood studies showed 
9.5 Gm. hemoglobin, 3.5 million red blood cells, and 
3,150 white blood cells. The total protein was 9.3 
Gm. per 100 ec.: fibrinogen was 0.7 Gm., albumin, 
1.7 Gm., and globulin, 6.9 Gm. The van den Berg 
test gave 16.3 mg. per 100 cc., direct, and 27.5 mg. 
per 100 cc., indirect. The cephalin flocculation test 
showed 4 plus in 24 hours and 4 plus in 48 hours. 
The thymol turbidity test was 15.1 units. Total 
cholesterol was 98 mg. per 100 ec., cholesterol esters 
27 (27 per cent). 


Dr. BEAN: To those of you in the front rows 
the lesions appear as red spots. Pulsation is 
felt easily in the larger spiders and may be 
seen when a glass slide compresses the surface. 
The spider on the thigh is much lower on the 
body than is usual; and when they are found 
below the level of the navel there are many 
others in the blush area of face, neck and upper 
chest. The standard texts on pediatrics and 
monographs on liver disease in children have 
echoed with stubborn persistence the error 
that children with chronic liver disease do not 
get spiders. This is utterly wrong. 

To get back to the story, in Cincinnati Dr. 
Donald Foster, Dr. Morton Hamburger and 
I undertook a very extensive study of the 
natural history of the vascular spider. We 
collected a great many cases, made numerous 
observations on the size, location, distribution 
and type of lesion in chronic liver disease and 
accumulated a very formidable body of ma- 
terial. What began as an interesting hobby 
became a fascinating theme for speculation 
and thought. We had many discussions. Since 
my interest in spiders was well known it was 
not surprising that several members of the 
intern and resident staff whose wives were 
pregnant came to me in a state of great con- 
cern when their wives developed spiders during 
pregnancy. Their only thought was that these 


might be some ominous indication of liver 
disease or perhaps even the dreaded acute 
yellow atrophy occasionally observed during 
pregnancy. Since I knew nothing of the signifi- 
cance of such vascular changes in the skin | 
advised a course of optimistic waiting. All the 
pregnancies turned out well. Since the children 
born were completely normal it dawned on 
us that the acquired arterial spider might occur 
as an apparently banal and insignificant com- 
plication of normal pregnancy as well as a 
stigma of chronic parenchymal disease of the 
liver. 

In addition to the characteristic vascular 
spiders a number of other lesions such as the 
telangiectatic mat, paper money skin, changes 
in the vascular structure of the nose, palmar 
and occasionally plantar erythema were all 
noted. Many observations and studies failed 
to reveal any clinical or laboratory test which 
had any regular correlation with the emergence 
of vascular spiders. Their curious association 
with pregnancy became a mild obsession in 
my speculations. The one common denomi- 
nator which was fairly well established between 
normal pregnancy and the state prevailing in 
chronic parenchymal disease of the liver was 
an increased urinary excretion and presumably 
an increased blood level of estrogens. By anal- 
ogy it was not very difficult to suppose that 
potent steroid hormones might have an effect 
on blood vessels in the human skin as well as 
their classic and much studied effect upon the 
spiral arterioles of the endometrium and myo- 
metrium. This analogy was given some support 
by the physical structure of the spider which 
turned out to be a curious admixture of arterial 
and vein-like components. On the basis of 
these speculations powerful estrogens were 
given to several patients with cirrhosis who 
had recovered clinical well-being but still had 
residual liver damage. Some developed new 
spiders and palmar erythema. At this stage oi 
the work I began to do systematic reading on 
the subject. There was a very considerabl 
body of literature tucked in out-of-the-way) 
places and to my surprise I found that man) 
of the observations I had made were alread) 
recorded in medical writing in one place 0° 
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another. It is fortunate when clinical observa- 
tion is allowed to run the early stages of its 
natural course uninfluenced by previous views 
and experience as recorded in medical writings. 
One thus has freedom from the bias of others 
although he must deal critically with his own 
bias. Among the things I found was a descrip- 
tion by Erasmus Wilson, one of the first 
Qnglish specialists in dermatology. He de- 
scribed the vascular spider in an elegant, brief 
note which had remained buried for about 70 
years. This note is short enough to read here 
in full. I call your attention to the fact that the 
man was a publican, that is a bartender, 
rather than a Republican which I cannot define. 


“A publican, aged 30 years, had for some time 
yielded to the temptation of his calling, and had 
thereby injured his health, when he was suddenly 
attacked with epistaxis and to the epistaxis suc- 
ceeded copious bleeding from the gums. After some 
time, and subsequently there appeared on the face, 
the neck, the hands, and the arms, an eruption of 
red papulae with a diffuse areola. On presenting him- 
self for consultation there were six of these papular 
spots on the face, chiefly on one cheek, two on the 
neck and three or four on the hands and forearms. 
It was evident, on careful examination, they were 
angiomata; the central prominence was vascular, 
and around this was a plexus of venules spreading 
out to the breadth of a quarter or half an inch. In 
one or two of the spots the central prominence was 
absent and a plexus alone existed, resulting from 
angiectasia, or multiplication and hypertrophy of 
the venous capillaries of the skin. The case is very 
rare, a sudden eruption of angiomata, and its asso- 
ciation with hemorrhage from the mucous membrane 
of the nose and mouth is very instructive. We are 
unaware of the conditions of the economy which 
inay tend to the sudden hypertrophy of blood ves- 
-els, but we can easily understand how such an oc- 
urrence, taking place upon the mucous membrane, 
ight lead to serious hemorrhage; and there is no 
cason to suppose that the cause of the epistaxis in 
he instance before us, and the bleeding of the gums 
ay not have been a sudden hypertrophy of blood 
‘ssels such as we have just described as appearing 
i the skin. And it appears to us that as a result, to 
‘ie well-known hemorrhagic diathesis as a cause of 
emorrhage there must also be added a sudden 
-pertrophy of blood-vessels and rupture of their 
‘at as exemplified in the case before us.” 


A great deal had been added to the knowl- 


‘dge of vascular spiders by French observers 


‘lanot and Gilbert, Steinmann, Emile-Wile 


and more recently in this country by Patek 
and his co-workers, Williams and Snell, Walsh 
and Becker and many others.* 

Jonathan Hutchinson, whose masterful ob- 
servations on syphilis are remembered in the 
name Hutchinson’s teeth, has a little note in 
his Archives of Surgery, that magnificent 
repository for rare and unusual dermatologic 
lesions, about the occurrence of spiders as 
blemishes. He believed that they affected 
women primarily although he suggested that 
perhaps vanity was the reason why he saw 
more women than men with such lesions. In 
any event he established clearly the fact that 
they might occur in perfectly normal people 
and this point must be emphasized since 
arterial spiders are of clinical significance only 
when new ones appear, old ones enlarge or 
when they are numerous. Many people we 
consider perfectly normal have one or a few 
vascular spiders, frequently on the face near 
the eyes. Some notice them occasionally coming 
and going on the lower arms and back of the 
hands. Corbett, in a very brief note, referred 
to them in normal pregnancy as early as 1914 
although this information and the additional 
occasional notices of them in pregnancy were 
never transferred by the specialists in der- 
matology to those in obstetrics. There is no 
mention of them until quite recently in Ameri- 
can textbooks on obstetrics. 

I confess to being the inadvertent source 
of an error which prevailed widely in the 
1940’s, a supposed connection of the arterial 
spider with deficiency diseases. During the 
spring and summer of 1940, 1941, and 1942 I 
had the opportunity of working in the nutrition 
clinic at Birmingham. There I devised the first 
record form for keeping observations on all 
the numerous patients with deficiency diseases. 
Because of my interest in spiders and palmar 
erythema I included in the chart for recording 
physical signs a place for observation on such 
lesions and I made systematic notes on about 
700 patients with reference to arterial spiders 
and palmar erythema. My thought at the time 
was that this might be a relatively normal 





* The references cited are included in the three 
papers referred to in the references. 
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population as far as liver disease was con- 
cerned. I found a great many subjects who had 
one or a few spiders but except for those who 
were pregnant or the few who had liver disease 
they never occurred in any considerable 
number. Furthermore they varied, coming and 
going erratically without any relationship to 
the nutritional state of the patient or the 
specific dietary and vitamin therapy. Visitors 
to the nutrition clinic, of whom there were 
many, used the record sheet as a model and, 
apparently supposing that whatever was found 
in the record of physical examination in a 
nutrition clinic must have some bearing on 
nutrition, the assumption was made that 
arterial spiders and palmar erythema had some 
definite although not fully understood con- 
nection with deficiency disease. I was astounded 
to find numerous subsequent reports attaching 
a nutritional significance to spiders. This 
persists to some degree although I have tried 
to correct this error. 

As for palmar erythema,’ it too has a re- 
markable history. The first clear description 
was given by Chambers in 1899 in a brief 
note in the Lancet in which he described such 
a red color of the palm as commonplace among 
white inhabitants of the Gold Coast. It later 
was described completely independently by 
Lane as a familial or hereditary stigma of no 
significance to the patients concerned. Classic 
observations connecting palmar erythema and 
arterial spiders were made by Walsh and 
Becker whose paper gives the first illuminating 
study of a connection of these two lesions and 
their rather common occurrence in pregnant 
women. Apparently palmar erythema was 
recorded in pregnant women the first time by 
Forman in 1934. In this connection I should 
like to mention the fact that, in our original 
observations of patients with spiders, in several 
of my notes there are detailed descriptions of 
the anomalous color of the hands, its strange 
pattern, the increased warmth of the erythe- 
matous area and its association with spiders 
in chronic parenchymal disease of the liver. 
This observation must have been made almost 
mechanically since I thought nothing of it 
until reading the paper by Walsh and Becker 
at which time I went back to the records and 


found that I had been looking at the same 
sort of thing for four years without seeing it. 
Description of liver palms or palmar erythema 
in chronic liver disease appeared nearly 
simultaneously in 1942 and 1943 in papers 
written by Ratnoff and Patek, Perera and 
myself. 

There are two distinct varieties of palmar 
erythema. The first is simply an exaggeration 
of the ordinary speckled mottling of the palm 
and is diffuse without regular regional accentu- 
ation. In the more common type of “liver 
palms” the area of most intense redness is 
the hypothenar eminence and the next most 
common is the central aspect of the thenar 
eminence. In the region where the fingers join 
the hand there are apt to be islands or spots 
of erythema not directly under the palmar 
calluses but between them. The next most 
common area of redness is the palmar surface 
of the fingertips, and when the condition is 
extreme the process extends around on the 
back of the fingers in a horseshoe-like arrange- 
ment at the base of the nails. There may be a 
considerable variation in intensity of the red 
color from time to time. Characteristically it 
is bright red, but there may be some irregularity 
and at times there are cyanotic spots. Or- 
dinarily there is a sharp line of demarkation 
between the red and the uninvolved skin. 
Minor variations in palmar redness are 


frequent. The correlation between severe 


chronic liver disease and palmar erythema is 


not as close as between severe liver disease and 
arterial spiders. If one analyzes the records 
from a large series, those with liver dis2ase 
who have spiders are about twice as apt to 
have palmar erythema as those who do not. 
Contrariwise, those who have palmar erythema 
are about twice as apt to have spiders as those 
who do not. Obviously either may occur with- 
out the other, but their frequent association 
makes it seem likely that they are produced 
by the same general force. The distribution of 
the palmar and sometimes the plantar redness 
suggests that perpetual dilatation of glomus 
bodies may be responsible for the striking and 
fairly consistent pattern. These points remait 
to be established by further studies. 

At this stage all my observations on spider: 
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Fig. 1. Arterial spiders and paper money skin. 


ame to a halt when I joined the Army and vironment—fascinating topics which were well 
vegan working on tanks, adaptive physiologic away from clinical medicine. The time in the 
‘rocesses in soldiers and many kinds of en- Army did, however, give an unexcelled op- 
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Fig. 2. Arterial spiders and pigment marks. 


portunity for reflection and speculation, so together. Cullings from an extensive review of 
that all the observations on several hundred medical writings from approximately the 
patients and normal people were gathered hundred year period from 1845 to 1945 were 
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aided. Furthermore I had the opportunity to 
.vite and rewrite a monograph on what was 
w for me a favorite topic, though one so 
~r off the beaten path that I thought it too 
uuld be entombed with other observations 
| the arterial spider.! I had, however, the 
‘-bulous luck of having it published at the 
d of World War II when, as you all know, 
patitis rather than influenza had proved to 
» the major epidemic of concern during the 
ar. Liver disease and spiders were not only 
a timely topic but one of intrinsic importance. 
Having indulged a most esoteric and seemingly 
not useful or practical field for a medical hobby, 
] hit the jack-pot. 


~ 2 eX 


Centimeters 


Fig. 3. Seale outline of actual arterial spiders. 


The arterial spider, as the name suggests, 
is characterized by a body and legs (figs. 1 
and 2). It has a surrounding erythema. The 
body or central point may be small or so large 
as to attract immediate notice. There is usually 
a relationship between the size of the body and 
the size of the whole lesion (fig. 3). There is a 
te. dency for the body of the larger ones to 
become elevated, rarely as much as 0.5 cm. 
above the adjacent skin surface. Such lesions 
m:y be seen to pulsate. Palpable pulsation is 
fovad uniformly and may be demonstrated 

«lily by applying a glass slide to the lesion 

adjusting the pressure. Branching legs or 
racicles radiate from the central hub, spread 
oui just under the plane of the skin and parallel 
to::. They may be clearly defined and relatively 


large or may be very numerous and hard to 
distinguish. Indeed some lesions present noth- 
ing more than a diffuse erythema. The vessels 
branch and become smaller fading out at the 
periphery. An area of erythema surrounds the 
central punctum and usually encompasses the 
visible radicles. The whole lesion may be 
roughly circular although the star and cog- 
shaped lesions are common. The color of the 
spider is characteristic of the abundant arterial 
blood. It is bright, fiery red. The temperature 
of the spider may be as much as 3 C. higher 
than the uninvolved adjacent skin. Blood flows 
centrifugally from the body in all directions 
towards the periphery. This may be demon- 
strated when the spider is blanched by pressure 
with a pencil point or the finger and then 
suddenly released. Filling is from the center 
outward. Pulsations can be demonstrated 
most easily when spiders occur over bony 
structure such as the forehead, sternum or 
clavicle. The arrangement of collecting veins 
is that usual in the skin. In histologic prepara- 
tions there are no venae comites. Spiders are 
rare in the scalp, rare in the axilla and other 
hairy regions although they may occur in the 
beard or on a hairy chest. Spiders have a very 
curious distribution with remarkable concen- 
tration around the face, the neck, wpper portion 
of the chest and a diminishing concentration 
over the shoulders, the lower chest, upper and 
lower arms and dorsum of the hand (fig. 4). 
They are rare on the palms though they do 
occur. In spite of the girl we just saw they are 
notably rare in the body below the level of the 
diaphragm. I have never seen spiders below the 
diaphragm when they were not more numerous 
and larger in the upper portion of the body. 
That they occur in the lower extremities at all 
suggests that the factors governing their dis- 
tribution are relative and not absolute. 

A StrupEnt: Why are spiders so rare in the 
lower parts of the body? 

Dr. Bean: I do not know. My speculation 
is that a humoral force and susceptible vascu- 
lar structures are necessary. Since spiders are 
rare where the vasomotor gradient in the skin 
indicates a high degree of vasoconstriction, a 
humoral agent might not have time enough to 
produce its effect. Why don’t you make that 
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a project to work on? We know very little of 
the exact pattern of distribution of many 
skin lesions, and even less about their cause. 

Associated skin changes include paper money 
skin in which a number of readily seen small 
vessels are scattered in random fashion com- 
parable to the silk threads in American paper 
money. The frequent occurrence of palmar 
erythema in people with many vascular spiders 
suggests that the forces which give rise to the 
one give rise to the other, although there is 
by no means an exact correlation and one 
kind of lesion may occur without the other. 
Shock-producing hemorrhage causes the lesions 


Fig. 4. Distribution of spiders in hepatic disease: 
A composite of 793 individual lesions from 41 patients. 


to fade, and they may be seen first only after 
transfusion has restored blood to normal. 

A StupeEnt: Do such lesions occur anywhere 
besides in the skin? 

Dr. Bean: Similar vascular abnormalities 
occur in the mucous membranes of the nose, 
the mouth, the pharynx, the hard and soft 
palate and probably along the mucosal lining 
of the alimentary canal. They may occur 
throughout the interior of the body but this 
point cannot be established since their post- 
mortem fading prevents conclusive evidence 
being brought to bear on this point. Spiders 
disappear frequently and fade invariably after 
death. 

A Puysictan: Do they occur in families? 


Dr. BEAN: Family history for spiders may 
be positive, particularly if one can examin 
members of several generations. Most peopl: 
are poor observers and do not know that othe 
members of the family have them. Spider 
vary in number and size in relationship wit! 
the clinical course of cirrhosis. As the diseas 
improves they may fade or dis? »pear and thei 
fading suggests that clinical improvement i 
in the offing. They tend to occur in outburst 
or increase in size at a time when liver failur 
is increasing. In pregnancy they tend to appea: 
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Fic. 5. Schematic diagram of arterial spider. 


between the second and fifth months.’ They 
increase in size and number throughout gesta- 
tion, disappearing just before delivery or during 
the puerperium. Large ones may persist. 

A Srupent: What pressure exists in the 
spider? 

Dr. Bean: Pressure within the arterial spider 
is somewhere between 60 and 100 mm. Hg as 
measured directly by applying a capsule to 
the lesion and connecting it with a mercury 
manometer. 

QuEsTION: What is the histopathology of 
the spider? 

Dr. Brean: Histologically there are two kin«s 
of spiders. One apparently is simply an over- 
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own end-artery in the skin. The other is a 
ickened, coiled artery in the subcutis much 
rger than those generally found in this 
gion (fig. 5). In the walls are aggregations 
glomus cells, the pericyte of Zimmermann, 
icestor of ordinary vascular smooth muscle 
lls. They are irregularly disposed along the 
‘ssel wall and may occur in beads or bands. 
t the punctum there is an abrupt thinning 
’ the wall which breaks up into numerous 
vessels which are vein-like, having very thin 
valls but, nonetheless, carrying arterial blood 
peripherally out to the capillaries and the 
venous collecting system. Thus the arterial 
spider is an overgrown end-artery usually 
containing many glomus cells in the walls of 
iis major central artery and paradoxically it 
breaks up into many vessels which while carry- 
ing arterial blood have the structure of veins. 


VENOUS STAR 


A Srupent: Are there other lesions in the 
skin which may be confused with the spider? 
Dr. Bean: A lesion which only occasionally 
gives rise to confusion with the arterial spider 
is the venous star* which is found in association 
with persistent elevations in venous pressure. 
At times they have a very close resemblance 
to arterial spiders. The stars usually overlie 
and are tributary to a vein of large size. Blood 
flows from the periphery of the star centrally 
and thence into the collecting vein; the direc- 
tion of flow is the exact opposite of that in the 
arterial spider. The pattern, shape and size 
are much more variable than in the arterial 
spider. Although the color frequently is blue, 
in some instances it is bright red and in such 
circumstances the lesion may have a close 
resemblance to the spider. Most characteris- 
tially these lesions are seen to develop 
Were new collateral veins are enlarging after 
truction of the superior vena cava. At first 
may notice only a blue discoloration of the 

i, but after a few days or weeks the char- 
‘ristic star form appears with an irregular 
ral spot, either blue or red, not much 
ated above the skin. They may be 2 or 3 

es in diameter. Skin temperature is not 
ier than over adjacent skin. They are ob- 
ated with pressure. They fill by reflux from 


their underlying vein. Thus filling is centrifugal, 
the same as in the spider, but the blood flow 
is reflux and reversed from the usual direction. 
Although stars commonly occur along the 
lower borders of the ribs, they do not follow 
the anatomic insertions of the diaphragm nor 
the juncture of the abdominal and costal wall. 
They are common on the dorsum of the feet, 
around the ankle and the lower legs both front 
and back, and above the knee on the medial 
aspect of the thigh. Smaller ones are apt to 
appear on the back just at the junction of the 
neck and thorax and over or just above the 
region of the sacrum, particularly in women. 
They are common only after adolescence, but 
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Fig. 6. Incidence of venous stars by sex and decade. 


they may occur in children, particularly where 
some lesion produces an extensive collateral 
venous circulation (fig. 6). They are more 
common in women than men. I have seen stars 
develop over a period of 10 days and seen them 
disappear over a period of one to two months. 
Histologically they are dilated veins. 
OsLER’s DISEASE 

Dr. Bean: Another lesion which we have 
considered in some detail in a recent clinical- 
pathological conference is the telangiectasis 
of Osler’s disease or hereditary hemorrhagic 
telangiectasia.’ Ordinarily this lesion in the 
skin is punctiform, usually flat but sometimes 
a little elevated. It has very sharp margins 
which separate it from the adjacent uninvolved 
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skin. Occasionally a single vessel is connected 
with the punctum. Sometimes there are several 
which gives it a close superficial resemblance 
to the arterial spider. Pulsation is usually 
harder to demonstrate than in the arterial 
spider. Solid cyanotic looking nodular forms 
exist. The mucous surfaces of the body may 
have a much thicker concentration of lesions 
than does the skin. They may exist in any 
part of the skin although they occur in the 


from these lesions, part of the Latin title 
occurs with varying frequency and intensity 
In mild instances of the disease bleeding is 
relatively infrequent and not very trouble 
some. In others continual bleeding is an omi 
nous problem and never-ending hazard. The 
age at which bleeding begins varies. Nose 
bleeds in childhood, a period free from hemor 
rhage, or the reappearance of frequent hemor 
rhages at puberty or in the third decade when 


Fic. 7. Skin lesions in Osler’s Disease: The palm and fingers. 


upper portions of the body more often than 
over the legs or feet. Mucosal telangiectases 
may be seen in Kiesselbach’s area in the nasal 
septum, at the tip and dorsum of the tongue, 
palate, pharynx and esophagus. Hemorrhages 
from the stomach, bowel, lung, brain, bladder, 
kidney and liver attest their universal range. 
They are very frequent on the palmar surface 
of the hands and fingers, common in the nail 
beds, the lips, and the ears (figs. 7 and 8). A 
history of bleeding in the family is invariable 
and the trait is inherited as a dominant char- 
acteristic. It is not sex-linked. Hemorrhage 


the telangiectases begin to become numerous 
should cause strong suspicion of the under- 
lying disease. The pathologic alteration in 
Osler’s disease is a thinning out of the wall of 
the vessel, the loss of muscle and elastic tissue 
with a bulging and ballooning of the wall, 
and the development of tortuous coiled masses 
of tiny aneurysmal vessels including capillaries 
and small veins and arteries. Skin temperature 
over the lesion is not higher than over ad): - 
cent skin. Pulsation is rarely felt but occasion - 
ally can be demonstrated vividly, particularly 
when capillary pulsation exists. The existen:e 
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aid growth of pulmonary arteriovenous aneu- 
sms has thrown a new light on the dynamic 
s ate of this vascular anarchy. 


CHERRY ANGIOMA 


A Srupent: Are any other skin lesions mis- 
iken for spiders? 

Dr. Bean: Yes. The lesion called cherry 
sngioma, or ruby spot, sometimes known as 
capillary angioma, senile angioma and in 
Iinglish medical writings referred to as De- 
Morgan’s spot has been confused with the 


served although occasionally injury to the 
angioma gives rise to very modest bleeding. 
The size and shape vary, but the characteristic 
lesion is small and flat during its early life, 
later increasing in size, becoming elevated 
with a dome or even a mushroom-like overhang. 
Rarely, they become so large that they are 
attached by a pedicle. In persons with the 
characteristic large lesion, small ones may be 
found, and, using magnifi' - 1on of 20 times, 
many lesions which escape inspection by the 
naked eye are brought into view. Such mag- 


Fia. 8. Skin lesions in Osler’s Disease. The nails and fingers. 


spider at times. Since such lesions appear at 
early age and are relatively frequent after 
adolescence, it is best to drop the name “senile 
angioma” and call them by some purely de- 
scriptive name such as “cherry angioma”’ or 
“ruby spot.” No one has demonstrated a 
‘smilial tendency, but this point is hardly 
‘tinent since they are found almost uni- 
vsally in elderly people and are quite common 
early ages. The incidence rises sharply in the 
’s so that approximately three-fourths of 
‘ persons observed after the age of 30 have 
‘h lesions. Thereafter they increase in fre- 
ency and in the 60’s and 70’s they are found 
aost universally. 
Spontaneous hemorrhage has not been ob- 


nification reveals that the angioma is composed 
of numerous dilated loops which appear as 
quite separate vascular channels at the margin 
and are somewhat jumbled together in the 
center. Pressure on the individual lesion in- 
duces only mild and very slow blanching with 
some deformity, and the color returns slowly 
as the vessels fill and the natural shape is 
resumed. No pulsation is seen. An anemic halo 
of pallid skin surrounds many cherry angiomas 
and sets off their color in striking fashion. The 
color of the lesion is a bright cherry or ruby 
red, different from the fiery red erythema of 
the arterial spider. In the presence of cyanosis, 
angiomas over the upper part of the body may 
be a deep blue color. In the very old people 
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with old lesions there is some atrophy and 
fading or the color tends to be tinged with a 
brownish element. The size varies from lesions 
visible only with magnification to rare instances 
where the lesion is more than 1 cm. in diameter 
and attached to the skin by a pedicle. The 
skin temperature is slightly but probably not 
significantly lower than that of the adjacent 
skin. 

Distribution of cherry angiomas in patients 
between the ages of 50 and 80 are demonstrated 
in figure 9 which should be compared with 
figure 3 of the distribution of arterial spiders. 
There are the following differences in distribu- 


U 


Fic. 9. Distribution of cherry angioma in adults 
aged 50 to 80. Compare with figure 4. 


tion: The cherry angioma is much rarer on the 
face and neck and there are proportionately 
more on the back. They are quite common on 
the abdomen, relatively common on the lower 
part of the body. They are not as common on 
the upper and lower extremities as they are 
on the trunk. Rarely they occur in hairy 
portions of the body and a few have been ob- 
served in the scalp. The number of individual 
lesions vary from zero to as many as 300 I 
counted in one patient. Usually there are some- 
where between 10 and 50 in older subjects. 
The changing incidence with aging is seen in 
figure 10. No connection with any particular 
underlying disease has been noted in a series 
of observations of approximately 1000 patients 


seen in the office and on the medical wards 
during the past 18 months. 

Dr. CuHartes May: Have arterial spide:s 
been observed in persons getting large dos: s 
of estrogens? 

Dr. BEAN: Where patients are treated fcr 
menopausal symptoms and where large dos: s 
of estrogens are given for carcinoma of the 
prostate, the development of many new spide:s 
has not been observed. This may be becau.e 
they are not looked for. Or they may not occu.. 
I have hunted for them in a few cases and n«t 
found them, but a systematic study is needed 
to settle this very searching question. 
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Fic. 10. Incidence of cherry angioma by sex and 
decade. 


Dr. Rusin Nomianp (Professor of Der- 
matology): Before Dr. Bean made his series 
of classic observations, spider nevi belonged 
to the dermatologist. We are often consulted 
about them, and of course can remove them 
with the electric needle. They may recur if 
not completely obliterated. A good many fall 
into the class of ordinary birthmarks and they 
are fairly common, especially in children and 
young adults. 

Dr. Rosert Durr: What is known about tlie 
nerve supply of the spider? Do they have 
sympathetic fibers? 

Dr. Bean: I know nothing. My collecticn 
of many serial sections from about 25 spide’s 
was lost during World War II and I have not 
studied the nerves. 
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Are there any more questions? If not, we 
my summarize briefly: the eruption of new 
s, iders, or enlargement of old ones marks the 
avent or worsening of chronic parenchymal 
disease of the liver. Spiders are uncommon in 
ol structive jaundice but may appear late in 
tle disease. In pregnancy they tend to appear 
from the second to the fifth month, sometimes 
f: ding out several days before delivery, usually 
fading at the time of delivery and during the 
e.rly postnatal period. I have suggested that 
steroid hormones, especially estrogenic ones 
lead to this overgrowth of vessels in the skin. 
Their structure, distribution, histology and 
physiologic features have been indicated briefly. 

Characteristics whereby they are differen- 
tiated from venous stars, Osler’s hereditary 
hemorrhagic telangiectasia and the cherry 
angioma have been outlined. This being the 
first time in five years of these conferences that 
I have dared speak about spiders, I hope I 
will be pardoned for an intensely personal 
point of view. It may give a clue to one ap- 
proach to clinical research which should 
stimulate and perhaps comfort those whose 


picture of clinical science has held only bub- 
bling retorts, Geiger counters and ultracentri- 
fuges. 

Finally, in accordance with our custom of 
ending these conferences with a light note, I 
will bring you up to date on the latest variant 
on Mother Goose: 


An older Miss Muffet 

Decided to rough it 

And lived upon whiskey and gin. 
Red hands and a spider 
Developed outside her— 

Such are the wages of sin. 
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BACTERIAL ENDOCARDITIS sures resting upon tricuspid and pulmonary valves 


Zendel, J. F., and Lubart, A.: Diphtheroid Subacute were calculated to be 24 mm. Hg and 5 mg. Ilg 
Bacterial Radocarditis Successfully Treated with respectively. It was concluded that the pressure 
Bacitracin. Arch. Int. Med. 90: 562 (Oct.), 1952. acting upon the valve is the chief factor in determin- 
In a ease of subacute bacterial endocarditis due to Ing the involvement of the valve ” endocardit - 

a diphtheroid bacillus, treatment with bacitracin Several factors may operate in producing this rela- 
alone was successful after previous therapy with tionship: (1) the mechanical force exerted eo 
large amounts of other antibiotics singly and in blood-borne bacteria forcing them into the endo- 
combination had failed. Bacteriologic investigations thelial | ining of the valve, or (2) the effect of 
were carried out to establish the causative organism mechanical stress upon the connective tissue ele- 
as a true diphtheroid. A total dose of 1,860,000 units ments of the valve altering the reaction to allergic 
of bacitracin was given parenterally over a 31-day and inflammatory processes. : 

period without evidence of any serious or permanent RSMAS 

toxic effects. A review of the literature has not dis- as a 

closed another case of cure of subacute bacterial BLOOD COAGULATION 

endocarditis with use of bacitracin alone. Elevation Friedman, I. A., Schwartz, S. T., and Vincenti, M.: 

of temperature was noted during the first week of Survey of Clotting Tests for Coagulation Profile 

bacitracin therapy; this may have been a side-effect in Normal and Diseased Persons. J.A.M.A. 150: 

of its parenteral administration. 83 (Sept.), 1952. 

BERNSTEIN By means of a battery of tests including the Lee- 
White heparin retardation, and protamine heparin 

Lepeschkin, E.: On the Relation between the Site titration clotting times, the prothrombin determina- 
of Valvular Involvement in Endocarditis and the tion, and platelet counts, a survey was made of 
Blood Pressure Resting on the Valve. Am. J. M. clotting tests. This was done to obtain the coagula- 
Se. 224: 318 (Sept.), 1952. tion profiles of normal persons as well as of patients 
The incidence of endocarditis involving each valve with carcinoma, tuberculosis, leukemia, lymphoma, 

in 1024 published autopsied cases was determined thrombocytopenia, polycythemia, and aplastic ane- 

from the literature. The mitral valves were involved mia. There was extreme variation in the range of 
in 86 per cent, the aortic valves in 55 per cent, the values observed in all groups. In view of this wide 
tricuspid valves in 19.6 per cent and the pulmonary variation, the authors believe that the Lee-White 
valves in 1.1 per cent of the cases reported. The heparin retardation, and protamine heparin titration 
average blood pressure exerted upon the mitral clotting times serve little if any useful function in 
valve was calculated to average 116 mm. Hg, being evaluating bleeding and clotting tendencies. The 
the left ventricular systolic pressure. The pressure relationship of the platelet count and the bleeding 
exerted upon the aortic valve is equivalent to the and clotting mechanism awaits further elucidation 

diastolic pressure, averaging 72 mm. Hg. The pres- KITCHELI 


Circulation, Volume VIII, July, 1953 
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Vander Veer, J. B., Parker, A. P., and Boyer, F. R: 
Emergency Appendectomy in a Patient Receiv- 
ing Anticoagulants for Myocardial Infarction. 
J.A.M.A. 149: 1307 (Aug. 2), 1952. 

The present widespread use of anticoagulant drugs 
for treatment and prophylaxis makes it probable 
that an occasional patient’s treatment will be com- 
p ieated by the necessity for emergency operation. 
The authors report a case of acute appendicitis in a 
putient receiving anticoagulants for acute myocardial 
infarction. They discuss management and rapid 
preparation of the patient with vitamin K, oxide and 
citrated whole blood. Recovery was relatively un- 
eventful and on the third day postoperatively the 
dosage of anticoagulant was resumed. 

KircHELL 


Stragnell, R.: Intravenous Emulsified Vitamin K, 
in the Treatment of Coumarin-Induced Hypo- 
prothrombinemia. Am. Heart J. 44: 124 (July), 
1952. 

The author reports the reversal of coumarin-in- 
duced hypoprothrombinemia in seven patients by the 
intravenous administration of a stable nontoxic 
emulsified vitamin K, preparation. Bleeding ceased 
within three to four hours of the administration of 
the drug, and prothrombin level rose significantly 
from values of less than 10 per cent to 35 to 110 per 
cent within 11 to 19 hours. Dosage varied from 75 to 
300 mg. In three patients when coumarin therapy 
was reinstituted, following the administration of 
vitamin Kj, resistance to the reinduction of hypo- 
prothrombinemia was observed. This presents a 
serious problem where continued anticoagulant ther- 
apy is desired. This can be controlled by the admin- 
istration of heparin with the coumarin drugs to 
safeguard the patient in whom the continuation of 
anticoagulant therapy is desired. In two instances 
death occurred after reversal of the hypoprothrom- 
hinemia. In one, extension of a coronary occlusion 
and myocardial infaret was demonstrated. 

HELLERSTEIN 


CONGENITAL ANOMALIES 


Bing, R. J., Lombardo, T. Y., Bargeron, L. M., 
Taeschler, M., and Tuluy, S.: Congenital Heart 
Disease: A Clinical and Physiologic Correlation. 
Ann. Int. Med. 37: 664 (Oct.), 1952. 

Three examples illustrate the advantage of a step- 
se, selective differential diagnosis of congenital 

» diac anomalies based on physiologic, radiologic 

ad clinical considerations. Although physiologic 

‘dies are not always essential for the diagnosis, 
‘hstudies, by providing information relating to the 
modynamies of congenital heart disease, offer a 

: ional diagnostic approach. In the first case cathe- 

‘rization demonstrated a gradient in oxygen content 
tween blood from the superior vena cava and the 


right auricle, indicating the presence of an auricular 
defect. The aorta was intubated from the right 
ventricle, indicating a dextro position of the aorta. 
The pressure in the right ventricle was 118/10 and 
that in the pulmonary artery 16/11, demonstrating 
pulmonic stenosis. The arterial oxygen saturation 
was 72.5 per cent. The over-all intracardiac shunt 
was calculated to be 2600 cc., directed from right to 
left. On the basis of these findings, a diagnosis of 
tetralogy of Fallot with interauricular septal defect 
was made. In the second case there was a gradient 
in oxygen content from right auricular to right 
ventricular blood, suggesting the presence of a ven- 
tricular septal defect. The systolic pressures in the 
right ventricle and the pulmonary artery were 
approximately equal and markedly elevated. The 
intracardiac over-all shunt was calculated to be 
300 cc., directed from right to left. The total right- 
to-left shunt was 880 ce. and the total left-to-right 
shunt 580 cc. The peripheral arterial oxygen satura- 
tion was 88 per cent. These findings confirmed the 
clinical impression of Eisenmenger’s disease. In the 
third case the oxygen contents of blood withdrawn 
from the superior vena cava, the right auricle, the 
right ventricle and the pulmonary artery were equal, 
demonstrating the absence of a left-to-right shunt. A 
right-to-left shunt was also absent, since the arterial 
blood was fully saturated. There was a large gradient 
between the right ventricular and pulmonary artery 
pressure. These findings confirmed the clinical im- 
pression of isolated pulmonary stenosis. 
WENDKOS 


Wilkins, L., Crigler, J. F., Jr., Silverman, S. H., 
Gardner, L.I., and Migeon, C. J.: Further Studies 
on the Treatment of Congenital Adrenal Hyper- 
plasia with Cortisone. III. The Control of Hy- 
pertension with Cortisone with a Discussion of 
Variations in the Type of Congenital Adrenal 
Hyperplasia and Report of a Case with Probable 
Defect of Carbohydrate-Regulating Hormones. 
J. Clin. Endocrinol. & Metab. 12: 1015, 1952. 
Although hypertension is frequent in Cushing’s 

syndrome, it is uncommon in the adrenogenital syn- 

drome. The authors report on three cases of the latter 
syndrome with hypertension who were treated with 
cortisone. The first patient was an 1814 year old 
pseudohermaphrodite with persistent hypertension, 
which did not respond to salt restriction. With intra- 
muscular cortisone therapy there was a fall in blood 
pressure to normal levels concomitant with a de- 

crease in urinary 17-ketosteroid excretion from 53 

mg. per day to an average of 4.5 mg. per day. She 

has subsequently been maintained on cortisone at a 

dose level sufficient to reduce the 17-ketosteroid 

excretion to below 4.0 mg. per day and the blood 

pressure has remained normal for over two years. 
The second patient was the 1614 year old sister of 

the first patient. An initial trial of intramuscular 
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cortisone induced a reduction in blood pressure and 
17-ketosteroid excretion. Replacement with oral 
cortisone resulted in maintenance of some of the 
17-ketosteroid suppression but the blood pressure 
returned to its initial high level, and reinstitution of 
intramuscular cortisone was without effect on the 
blood pressure until sodium was restricted in the 
diet despite a marked reduction of 17-ketosteroid 
excretion. 

The third patient was a male infant with adrenal 
hyperplasia, first seen at the age of 20 months with 
hypertension and cardiac decompensation. At that 
time the left adrenal was removed following ex- 
ploratory laparotomy. Subsequent studies on the 
patient showed no increase in the hypertension fol- 
lowing the administration of desoxycorticosterone- 
glucoside, estradiol benzoate, or adrenocorticotropic 
hormone. An initial trial of cortisone intramuscularly 
at a dose of 50 mg. daily resulted ina drop of 17-keto- 
teroid excretion to near normal levels, but the pa- 
tient became manic and the blood pressure rose, so 
the drug was discontinued. Nine months later, at 
which time he was moribund with signs of cardiac 
failure and peripheral vascular collapse, intramuscu- 
lar cortisone was given in a dose of 12.5 mg. daily 
with a dramatic improvement in his cardiovascular 
condition, although he later developed a cerebro- 
vascular accident. Subsequent maintenance on intra- 
muscular cortisone has resulted in normal blood 
pressure levels and a marked decrease in cardiac 
size 

During the patient's early course he had one hypo 
glycemic episode, with a blood sugar of 18 mg. per 
cent, suggesting a deficiency of glycogenetic adrenal 
hormones, which subsequent tests seemed to confirm. 

CorRTELL 


Johnson, R. P., and Johnson, E. E.: Congenital 
Pulmonic Stenosis with Open Foramen Ovale in 
Infancy. Am. Heart J. 44: 344 (Sept.), 1952. 

Five cases of congenital valvular pulmonic stenosis 
with open formamen ovale occurring in infant girls 
(3, 4, 9, 12 and 19 months) and proved by autopsy 
are reported. 

The syndrome includes early cyanosis, often pres- 
ent at birth, which may clear for a short time only to 
return. Dyspnea occurs in paroxysms. The heart is 
enlarged and a precordial systolic murmur of slight 
to loud intensity is present. There is clubbing of the 
fingers and toes. Polycytheraia is present. The roent- 
genogram shows an enlarged heart with an upturned 
apex, a dilated pulmonary artery, and avascularity 
of the peripheral lung fields. The electrocardiogram 
shows marked right ventricular hypertrophy and the 
P waves are prominent in lead IIT. 

Congenital pulmonic stenosis with open foramen 
ovale is to be differentiated mainly from pure pul- 
monic stenosis and from tetralogy of Fallot. In the 
former, cyanosis, clubbing of the digits, and poly- 
cythemia are absent. In the latter, the heart usually 


remains normal in size and it has a characterist ° 
shape showing a concavity of the pulmonary arte: - 
segment. Also on cardiac catheterization the rig] | 
ventricular systolic pressure is usually not as great 
A few patients with congenital pulmonic stenos s 
and open foramen ovale have lived to adulthoo: . 
However, when the disease manifests itself in ii 
fancy, it is a serious and treacherous disease, e - 
pecially because paroxysmal dyspnea may lead + 
sudden death. The common “blue baby” operatioi s 
of Blalock or Potts are not beneficial in pulmon ¢ 
stenosis with open foramen ovale. The direct ay - 
proach through the right ventricle with cutting of tle 
stenosed valve is the procedure of choice. Indication s 
for surgical intervention include (1) progressive 
heart enlargement, (2) progressive electrocardi»- 
graphic changes, (3) pressure in the right ventricle of 
150 mm. Hg or greater, (4) paroxysms of dyspne:, 
and (5) systemic arterial oxygen saturation less than 
20 per cent. 
RINZLER 


Lequime, J., Courtoy, P., Denolin, H., and Kenis, 
H.: The Circulatory Dynamics of Isolated Inter- 
ventricular Communications. Cardiologia 21: 529 
(Fase. 4/5), 1952. 

Four cases of isolated ventricular septal defects 
are reported including clinical, roentgenologic, clec- 
trocardiographic and hemodynamic data. From the 
pathophysiologic standpoint these congenital mal- 
formations can be divided into two main types. In 
the first type, with a small arteriovenous shunt, the 
heart is not, or is slightly, enlarged, and the electro- 
-ardiogram as well as right ventricular and pulmo- 
nary arterial pressures are normal. In the second 
type, in which a large arteriovenous shunt can be 
demonstrated, the pressure in the right ventricle and 
pulmonary artery is usually normal, but the right 
ventricular output is markedly increased. At x-ray 
examination the right heart is hypertrophic, the 
pulmonary arteries dilated and the electrocardiogram 
shows marked right axis deviation and frequently 
some degree of intraventricular or atrioventricular 
block. It is concluded, that the clinical aspects and 
the prognosis of an interventricular septal defect 
depend entirely on the degree and dynamic impor- 
tance of the arteriovenous shunt present in this type 
of congenital malformation. 

Pick 


CONGESTIVE HEART FAILURE 


Cournand, André: A Discussion of the Concept of 
Cardiac Failure in the Light of Recent Physio- 
logic Studies in Man. Ann. Int. Med. 87: 649 
(Oct.), 1952. 

Hemodynamically, cardiac failure is best define: 
as a state in which there is reduction of the con- 
tractile power of the ventricular muscle in the face « f 
an increasing filling pressure. According to Starling s 
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experiments, this reduction occurs when the fibers are 
-retched beyond a critical point. The intimate 
«use of the mechanical inefficiency of the muscular 
bers developing beyond this critical point seems 
+) reside, in most instances, not in a reduced supply 
oxidative energy, but in the inability of the fibers 
+ transform this oxidative energy into useful work, 
s a result of ineffective biochemical processes in- 
olving carbohydrate metabolism and the specific 
mtractile proteins. Be that as it may, the reduction 
1 contractile power is essentially the result either of 
primary alteration of the myocardial fibers or of an 
overloading of the venous return associated with 
l,ypervolemia. Both factors may be present singly or 
combined in various proportions, according to the 
nature of cardiac lesions and the stage of evolution 
of cardiac failure. In any event, a relative reduction 
in cardiac output and the associated increase in the 
end diastolic filling pressure, and therefore in the 
volume of blood left in the ventricle at the end of 
systolic ejection, are the hemodynamic earmarks of 
the failure of the ventricular pump. Indeed, the out- 
put of the failing heart at rest, under basal metabolic 
conditions, is not necessarily less than that of a 
normal heart in the same state: the reduction in 
output is not always absolute, but it is relative to 
that existing immediately preceding the onset or 
following the relief of failure—other variables, nota- 
bly the blood volume, remaining the same. The 
homeostatic mechanism whereby the aortic pressure 
remains constant in the face of a reduction in cardiac 
output leads to the maintenance of an adequate 
perfusion pressure into the coronary circulation; but 
since the prolongation of the reflex mechanism causes 
a persistent reduction of the renal blocd flow, it may 
be considered to be a source of embarrassment to the 
heart by eventually promoting hypervolemia, and 
thereby increasing the circulatory load. Physiologic 
studies in man indicate that in patients with left 
ventricular failure the administration of digitalis is 
followed by a rapid fall of all pressures in the pulmo- 
nary artery, an increase in cardiac output and stroke 
volume, a slight rise of the systolic and pulse pres- 
sure in the systemic artery, the end diastolic pressure 
in the right ventricle remaining unchanged. In cases 
f right ventricular failure associated with a con- 
iderable increase in total blood volume and _in- 
reased cardiac output, measurements made after 
ligitalis therapy demonstrate a rise in cardiac output 
ind stroke volume, a return of the end diastolic 
ressure in the right ventricle to a normal level, 
ithout any significant variation of the mean pres- 
re in the pulmonary artery. The latter finding is 
scribed to absence of any change in left ventricular 
‘ling pressure since the left ventricle had not been in 
iilure. In the same type of case, after the blood 
olume was reduced following a series of repeated 
hlebotomies, the results of physiologic studies were 
milar to those obtained after digitalization. The 
milar response is ascribed to the improved myo- 


cardial contractility of the failing right ventricle, 
which follows either digitalization or phlebotomy. 
WENDKOS 


Stapleton, J. F., and Harvey, W. P.: Hypochloremic 
Alkalosis Induced by Mercurial Diuretics in Con- 
gestive Heart Failure. Arch. Int. Med. 90: 425 
(Oct.), 1952. 

The development of refractoriness to mercurial 
diuretics often presages an unmanageable downhill 
course in patients with congestive heart failure. This 
refractory state at times is due to a disturbance of 
electrolyte balance. The disturbance may take sev- 
eral forms. The two most clearly defined types are 
the low salt syndrome and the hypochloremic alka- 
losis syndrome. The latter syndrome is emphasized 
as a frequent but not well-publicized complication 
of the use of mercurial diuretics. The relative ease 
of diagnosis and treatment makes its consideration 
mandatory in every case of refractory heart failure. 

The duration of intensive ammonium chloride 
therapy to elevate the serum chloride depends upon 
the degree of depletion. Usually several days to one 
week is sufficient, although longer periods may be 
required. It is important to stress that mercurial 
injections should not be given during this time in 
order to facilitate replenishing of the chloride stores. 

BERNSTEIN 


Danowski, T. S.: Electrolytes and Congestive Failure. 

Ann. Int. Med. 37: 453 (Sept.), 1952. 

The variety of adjustments which contrive to 
maintain body water and electrolyte stores at a 
constant level no longer normally operate in con- 
gestive failure. The increases’ in body sodium, 
chloride ‘and water which constitute the edema of 
congestive failure must be based ultimately on an 
undue retention of these constituents as taken in the 
diet. Because of their complexity, the etiologic and 
contributory factors which produce such positive 
balances of body water and electrolytes need to be 
considered separately. In regard to the venous pres- 
sure it is evident that it is usually elevated in con- 
gestive failure, irrespective of the mechanisms 
whereby this is mediated. This finding has a bearing 
upon Starling’s observations relevant to the hydro- 
static pressure and transudation of fluid in both the 
lesser and the greater circulations, though of course 
it need not account for all of the manifestations of 
congestive failure. It is also clear that increases in 
venous pressure are links in a chain of events which 
serves to augment stroke volume, that beyond a 
certain point this compensatory mechanism is no 
longer operative, and that measures such as tourni- 
quet application, bleeding, sodium restriction, 
sodium, chloride and water diuresis, and digitalis 
administration tend to restore circulatory efficiency. 
The observation of Starr that venous pressure re- 
mained elevated in cardiac failure patients post- 
mortem, led him to suggest that the plasma volume 
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was unduly expanded in congestive failure in relative 
or in absolute terms, and that its etiology must be 
sought in extracardiac factors. Since the kidney is 
the chief pathway for removal of excesses of most 
electrolytes, it is logical to consider the behavior of 
this organ in congestive failure. Virtually all studies 
of renal circulation during congestive failure have re- 
vealed a disproportionate decrease in the flow of 
blood or plasma through the kidney. This is accom- 
panied, aggravated or produced by an increase in the 
vascular resistance of the kidneys. The positive 
balance of sodium is attributed to tubular reabsorp- 
tion of sodium at an inflexible and relatively high 
rate, even though the sodium load is reduced. This in 
turn decreases the amount of sodium available for 
urinary excretion and leads to formation or perpetu- 
ation of edema. Furthermore, the demonstration 
that elevation of renal vein pressure in the dog pro- 
duces a marked decrease in sodium excretion without 
alteration in blood flow or in filtration rate has been 
taken to indicate that intermittent rises in venous 
pressure, such as those known to occur in clinical or 
experimental congestion, might account for undue 
sodium retention in cardiac decompensation. The 
mechanisms through which the change in sodium loss 
is mediated remain obscure. There is also the possi- 
bility that increases in or increased responsiveness to 
adrenal cortical steroids promote sodium reabsorp- 
tion in congestive failure. Hormonal or humoral 
changes other than thos2 involving the adrenal 
steroids have been postulated to play a role in 
influencing renal circulation and function. Thus renin 
which has been demonstrated to be present in the 
blood of a few patients with congestive failure, may 
account for the efferent arteriolar constriction. VDM, 
found in increased concentrations in the hepatic 
vein of decompensated patients, has a marked artti- 
diuretic activity. Other workers have also demon- 
strated or suggested the presence of unidentified 
antidiuretic substances in such patients. Careful 
studies have been reported which suggest that indi- 
viduals with congestive failure have cells that are 
swollen as a consequence, in part at least, of increased 
osmotic activity of the cell base. This change may be 
present in the face of decreases in cell potassium 
with or without increases in cell sodium. With re- 
compensation, diuresis of cell and extracellular water 
occurs, with a movement of potassium into cells and 
a decrease in the osmotic activity of cell base. There- 
fore, it may well be that the beneficial effects of 
sodium restriction on the course of vascular and 
myocardial disease, and the sometimes aggravating 
effects of sodium ingestion, are mediated through 
cell changes. 
WENDKOS 


CORONARY ARTERY DISEASE 


Morrison, L. M., and Gonzalez, W. F.: The Rela- 
tionship of Chronic Peptic Ulcer to Coronary 
Thrombosis. Am. J. M. Sc. 224: 314 (Sept.), 
1952. 


The records of chronic peptic ulcer patients were 
examined to determine the incidence of myocardia 
infarction due to coronary thrombosis. A simila 
search was made into the records of patients wit] 
acute illnesses and chronic illnesses resulting in 
death. In the ulcer group, 24 per cent of 86 male 
(mean age, 57 years) and 20 per cent of 30 female- 
(mean age, 59 years) had evidence of previous myo 
cardial infarctions at autopsy. In these cases, deat! 
was caused by some complication of the ulcer. h 
the group dying of an acute illness, 12 per cent of 4: 
males (mean age, 50 vears) and 4 per cent of 2s 
females (mean age, 52 years) had autopsy evidence o 
myocardial infarction. In the chronic illness group 
11 per cent of 89 males (mean age, 50 years) an 
11 per cent of 63 females (mean age, 51 years) ha: 
concomitant myocardial infarction. 

The authors state that the incidence of coronarn 
thrombosis is significantly increased in patients who 
died from the complications of peptic ulcer. Previous 
work suggests that the mechanism involved may b: 
the existence of a gastrovagal reflex producing coro 
nary artery spasm in human subjects. Chronic 
peptic ulcer may produce changes in the coronary 
vessels through the vagus nerves according to this 
concept. Other factors involved may be the use of 
milk and cream diets leading to a rise of serum cho 
lesterol and lipids, or a basic psychosomatic disorder 
which may influence both the coronary vessels and 
the stomach. 

SHUMAN 


Frisch, R. A., Kaufman, K. K., Beezy, R., and 
Garry, M. W.: Evaluation of Paveril in Angina 
Pectoris. Am. J. M. Sc. 224: 304 (Sept.), 1952. 
A group of 13 patients was selected in whom the 

diagnosis of angina pectoris had been established by 

the presence of typical symptoms, response to the 

Master exercise test or history of previous infarction. 

Subjective evaluation of placebo and Paveril-treated 

periods was based on the Daily Report Card Method; 

objective evaluation was made by the Flicker- 

Photometer and by the response to exercise tests. 
The patients did not receive any more subjective 

benefit from Paveril phosphate than from placebo 

therapy. The objective measurements revealed that 

Paveril produced retinal arteriolar dilatation but 

did not significantly alter the response to the exer- 

cise tests. It was concluded that the dosage of 200 

mg. of Paveril used in the present study was of no 

value in the treatment of angina pectoris. 
SHUMAN 


Hellerstein, H. K., Brofman, B. L., and Caskey, 
W. H.: Shock Accompanying Myocardial In- 
farction: Treatment with Pressor Amines. Ani. 
Heart J. 44: 407 (Sept.), 1952. 

Pressor amines were administered to 18 patien's 
in shock accompanying myocardial infarction. Shock 
was considered to exist in those patients who su;- 
tained hypotension (below 90 mm. Hg in previous y 
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\ormotensive patients) for more than one hour and 
luring this time exhibited classic signs and symptoms 
if circulatory collapse, namely, rapid pulse (sinus 
‘achyeardia) small pulse pressure, pallid cyanosis, 
nxiety, thirst, faintness, cold moist skin, and stupor 
rr coma. Seventeen patients were treated with 
aephentermine (three also received ephedrine), and 
ne received ephedrine alone. The series consisted 
f 10 women and 8 men of ages 47 to 89 years with 
in average of 69 years. Mephentermine was adminis- 
ered intravenously in 5 to 20 mg. doses or by slow 
ntravenous drip of approximately 1 mg. per minute 
intil a sufficient pressor response was produced. In 
. few cases, the intramuscular route was used, usu- 
illy in 35 mg. doses. Generally repeated adminis- 
tration of the pressor drug was necessary over a 
period of 1 to 10 hours before the blood pressure was 
inaintained. The level sought was 100 mg. Hg. 

A pressor response was produced in 16 patients. 
Fourteen emerged from the shock state with clinical 
improvement for more than two days. However, 
seven succumbed to secondary complications 2 to 26 
days later. Seven patients recovered sufficiently to 
he discharged from the hospital. Pressor therapy did 
not produce congestive failure in patients not previ- 
ously in failure, nor did it aggravate pre-existing 
failure. 

RINZLER 


Turner, W. D., and Morton, V. B.: The Anoxaemic 
Test for Coronary Insufficiency. Brit. Heart J. 
14: 514 (Oct.), 1952. 

The electrocardiographic effects of the anoxemic 
test were studied in 22 controls and 33 individuals 
who were known to have or later diagnosed as having 
angina pectoris or myocardial infarction. Fourteen 
of the patients developed abnormal electrocardio- 
graphie signs and 11 developed precordial pain. The 
greatest abnormality occurred in a lead overlying 
the left ventricle. 

The authors suggest that an ST depression of 2 
mm. or more in lead IV indicates a positive test and 
that other leads may be unnecessary. 

SoLOFF 


Boas, E. P., and Adlersberg, D.: Genetic Studies on 
Coronary Atherosclerosis Developing After the 
Age of Sixty Years. Arch. Int. Med. 90: 347 
(Sept.), 1952. 

This study is concerned with a group of 100 un- 
selected patients with coronary artery disease whose 
s\mptoms began after the age of 60 years. The aver- 
ave serum cholesterol level of these patients was 279 
ni. per 100 ml. by the Schoenheimer-Sperry method. 
li was lower than in a previously studied group of 
ptients whose symptoms of coronary artery disease 
h:d started before the age of 50. Among the older 
g'oup fewer were hypercholesteremic. This is signifi- 
it because in normal men the mean serum cho- 


( 

k-terol level is almost identical at ages 45 and 65 
(235.5 mg. per 100 ml. at 45, and 236.7 mg. per 
1-0 ml. at 65). 


Familial studies of older patients are difficult, and 
only 28 families of the 100 probands could be 
partially examined. Of the 52 siblings studied, 25 
showed serum cholesterol levels of more than 280 
mg. per 100 ml. The frequency distribution of serum 
cholesterol levels of the probands and of their siblings 
showed a striking parallelism. The variation of serum 
cholesterol level with age was also seen in the 
siblings. This was evident, although the readings 
tended to be higher than those for normal persons. 
This study suggests that the derangement of lipid 
metabolism of patients whose coronary artery dis- 
ease becomes manifest after the age of 60 represents 
a more indolent metabolic disturbance than that en- 
countered in the younger patients affected with this 
disease. However, the incidence of hypercho- 
lesteremia among the sibs of the older group does not 
differ significantly from that among the sibs of the 
younger group. 

BERNSTEIN 


Tewell, H. E., Jr., and Pritchard, J. S.: Controlled 
Hypoxemia Test for Coronary Insufficiency Em- 
ploying the Millikan Oximeter. Arch. Int. Med. 
90: 435 (Oct.), 1952. 

Fifty patients were studied during induced 
hypoxemia of 70 per cent arterial oxygen saturation. 
In normal controls, no RS-T segment deviations 
greater than 0.5 mm. occurred. No flat or inverted T 
waves were noted. 

Utilizing a controlled decrease in oxygen content 
and frequent electrocardiograms, one can detect ab- 
normal responses promptly. This method appears 
safer than waiting 10 minutes before obtaining a 
record. During such a period pronounced electro- 
cardiographic changes may have developed and been 
allowed to persist at ever decreasing blood oxygen 
levels. No comparison of the frequency of positive 
responses following exercise and controlled hy- 
poxemia is justified from this study, although the 
authors feel that a larger series of cases would show 
little difference between the tests. The controlled 
hypoxemia test is an expensive and complicated 
procedure. The two-step test is more easily incor- 
porated into clinical studies. 

BERNSTEIN 


ELECTROCARDIOGRAPHY 


Pagnoni, A., and Goodwin, J. F.: The Cardiographic 
Diagnosis of Combined Ventricular Hypertrophy. 
Brit. Heart. J. 14: 451 (Oct.), 1952. 

The authors analyzed the electrocardiographic 
features of three groups of patients, (1) 26 with iso- 
lated right ventricular hypertrophy due to pulmo- 
nary disease, (2) 30 with isolated left ventricular 
hypertrophy due to hypertension, and (3) 51 with 
combined right and left ventricular hypertrophy due 
to combined aortic and mitral valvular disease or 
pulmonary and systemic hypertension. All cases were 
confirmed by autopsy. 

Of the 51 in group three, only 13 had electro- 
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cardiographic signs of combined ventricular hyper- 
trophy, 13 had isolated left and 10 isolated right 
ventricular hypertrophy, four had left bundle branch 
block, two right bundle branch block and eight were 
nonspecific and one had intraventricular block. Left 
ventricular hypertrophy predominated over right 
and electrically vertical position was intermediate 
between groups | and 2. The relative degree of ven- 
tricular hypertrophy was not linked to the cardio- 
graphic signs of hypertrophy. 

The electrocardiographic features regarded as defi- 
nite for combined hypertrophy are (1) extreme clock- 
wise rotation of QRS, (2) S is larger than R in V;, 
(3) R is larger than Q in aVr, and (4) T inverted in 
V;. The features regarded as probably due to com- 
bined hypertrophy are (1) left ventricular hyper- 
trophy with a vertical heart, and (2) clockwise 
rotation of heart on its long axis. The etiology of the 
hypertrophy does not influence these results. 

SOLOFF 


Evans, W., and McRae, C.: The Lesser Electro- 
cardiographic Signs of Cardiac Pain. Brit. Heart J. 
14: 429 (Oct.), 1952. 

The authors attempt to assess the significance of 
(1) the presence of a wave in the PQ period, (2) 
notching of the QRS complex, (3) an R wave immedi- 
ately following an S wave, (4) depression of ST 
segment, (5) low, blunt or terminally dipping T 
wave, and (6) inverted U wave by comparing their 
incidence in 156 tracings of normal individuals with 
that of those subsequently recognized as having 
vardiac infarction or coronary anoxemia. 

Of these (1) notching on the down stroke of 
QRSecr; and less often QRScr;, (2) depression of ST 
segment, (3) low Ter;, blunt ersor; and terminally 
dipping T, and (4) inversion of U are regarded as 
lesser signs of coronary insufficiency. 

These signs are important because the mortality 
in this group was no lower than that with major 
signs. 

SOLOFF 


Mounsey, J. P. D., Ritzmann, L. W., and Selver- 
stone, N. J.: Cardiographic Studies in Severe 
Pulmonary Emphysema. Brit. Heart J. 14: 442, 
1952. 

The electrocardiographic features were analyzed 
in 16 instances of severe emphysema and related to 
right ventricular pressures. 

Only two had electrocardiographic signs of right 
ventricular hypertrophy. One had complete right 
bundle branch block. Four had RSR complexes in 
the right precordial leads. Systemic hypertension 
increases the voltage of R in the left precordial 
leads. Nine had no electrocardiographic evidence of 
right ventricular hypertrophy. Congestive failure 
anticipated the development of cardiographic evi- 
dence of right ventricular hypertrophy in 5 of 10 
instances. 


The electrocardiographic features are therefore 
late phenomena that confirm rather than diagnose 
the nature of the heart disease present. 

SOLOFF 


Bengtson, E.: The Esophagus Electrocardiogram in 
Children. Cardiologia 21: 140 (Fasc. 3), 1952. 
The author recorded in 20 normal children b 

tween the ages of 1 and 12 years and in 32 childre 

with congenital heart disease or myocarditis, mult 
ple esophageal leads in addition to the convention: 

12 leads. 

At subdiaphragmatic levels, the ventricular con,- 
plex had a left ventricular pattern (qR) when the 
anatomic and electrical axes were vertical and shifte:| 
to the right. If the axes pointed to the left and in 
horizontal direction the pattern was a right vei- 
tricular one (rS). The P wave in esophageal leads uf 
normals varied in size between 2 and 6 mm. and ils 
“intrinsic” deflection occurred within 0.04 secon. 
P waves larger than 6 mm. were seen mainly in 
congenital heart disease but also in some instances 
of clinically diagnosed myocarditis. Prolongation of 
auricular activation time occurred equally in both 
conditions. In some cases in whom the presence of 
left ventricular hypertrophy was suggested on clini- 
‘al grounds but not brought out by the usual leads, 
a strain pattern became evident in low esophageal 
leads or in leads from the stomach. 

Pick 


Andersson, T.: Electrokymographic Studies of the 
Left Auricular Movements in Mitral Stenosis and 
Insufficiency. Acta radiol. 38: 81 (Aug.), 1952. 
The author discusses his experiences with 90 

patients with mitral valvular disease, studied by 
electrokymography. In certain instances the left 
auricle (auricular appendage) showed more striking 
changes, in others the posterior portions of the left 
auricle were more diagnostic. 

In mitral stenosis the characteristic changes were 
(a) increased amplitude of auricular contraction 
curve (inward movement), evident both in increased 
amplitude as well as in duration of the contraction 
wave, (b) either a diminution in the normally falling 
curve during diastole, or an actual plateau-like 
curve, consequent to the difficulties in atrial empty- 
ing because of the obstruction, and (c) an abrupt rise 
in the portion of the atrial curveduring the latter part 
of ventricular systole, presumably the release in 
tension within an overdistended pulmonary venous 
system. 

In mitral insufficiency the characteristic findings 
were (a) a rise in the curve during ventricular 
systole, including the period preceding ventricular 
ejection, that is during the period of ventricular 
isometric contraction, and (b) a plateau type of 
curve in the latter part of systole. 

When auricular fibrillation was present there obvi- 
ously could be no auricular systolic curves charactvr- 
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j tie of mitral stenosis, but mitral insufficiency pat- 
terns were just as evident as in patients with sinus 
iythm. In patients with pure mitral stenosis and 
. aricular fibrillation with a rapid ventricular rate a 
lse pattern resembling that of insufficiency could 
» inseribed, attributed to the altered position and 
lationships of the mitral valve, chordae tendineae 
ad papillary muscles. 
SCHWEDEL 


Vhipple, G. H.: A Simple Technique for Registering 
the Direction of Rotation of Vectorcardiographic 
Loops. Am. Heart J. 44: 384 (Sept.), 1952. 

A technic is described for recording the direction 
of rotation of vectoreardiographic loops through the 
use of a timing signal of asymmetrical wave form. 
An “imperfect square-wave” oscillator of electron 
tube type is used. This oscillator puts out an asym- 
metrie signal whose shape varies slightly with the 
frequency selected and allows a choice of frequency 
with adequate voltage output from about 35 to over 
1,000 eyeles per second. The voltage output of the 
oscillator and the beam-intensity of the oscilloscope 
can be adjusted so that the sloping part of the oscil- 
lator signal will be at the correct voltage to modulate 
the intensity of the electron beam. This allows for an 
increase in the width of the tracing and therefore 
segmented QRS loops in which each segment will 
resemble a comet or a teardrop can be produced. 
The tails of the comets or teardrops point in the 
direction of the QRS loop rotation. 

RINZLER 


Doumer, R.: The Significance of the Point Zero in 
Electrocardiography. Arch. mal. coeur 45: 1037 
(Nov.), 1952. 

The author presents a critical analysis of methods 
used by various authors for the determination of the 
zero point of the vectorcardiogram and the electrical 
center of the heart. His conclusions are as follows. 

Construction of the location of the zero point from 
the frontal leads under application of Einthoven 
concept is inaccurate. With this method the incor- 
rect assumption is made that the actual variations 
o! electrical potential take place in a central electrical 
souree equidistant from the electrodes. Even in 

periments devised according to this principle it 
cou be shown the variations of peripheral potentials 

', not correspond to the variations in the electric 

vuree, A second method attempts to determine a 
d central point at the intersection of lines which 

‘ounect mirror image potentials at a certain level of 

i thorax. This method does not take into account 

i) egularities of the potential lines and of the electri- 

field resulting from the eccentric position of the 
‘rt in the thorax and the inhomogeneity of the 
iductor surrounding it. Thus, in some instances 

' zero point constructed by this method can be 


shown to be situated posteriorly and/or inferiorly 
of the roentgenologic heart shadow. 
Pick 


Brink, A. J., and Goodwin, J. F.: Precordial T 
Deflection of the Electrocardiogram. Brit. Heart 
J. 14: 331 (July), 1952. 

Cooling of the precordium for 40 minutes causes 
the terminal portion of the T wave in the cooled 
region to become negative. Restoration of positivity 
follows the same direction. It is believed that these 
findings indicate that the region producing this 
change lies in the superficial subepicardial region. 

An interpretation is made of the T wave changes in 
“mild” infarction, digitalis, children, adult negro, the 
Bantu and ventricular hypertrophy in the light of 
these findings. 

SOLOFF 


HYPERTENSION 


Moyer, J. H., Huggins, R. A., Handley, A., and 
Mills, L. C.: Effect of Hexamethonium Chloride 
on Cardiovascular and Renal Hemodynamics and 
on Electrolyte Excretion. J. Pharmacol. & Exper. 
Therap. 106: 157 (Oct.), 1952. 

The effect of intravenously administered hex- 
amethonium chloride was studied in dogs. Within 
two minutes of the administration of the drug, there 
was a marked fall in mean blood pressure due to a 
rapid decrease in peripheral vascular resistance. An 
initial increase in cardiac output was found but in 
most of the dogs it declined gradually and at 30 
minutes was below the control value. At this period 
the peripheral resistance had returned almost to the 
control value, but hypotension persisted. In others, 
the hypotensive effect persisted despite a normal or 
slightly elevated cardiac output. The renal effects 
consisted of no change or slight decrease in the 
glomerular filtration rate and tubular function 
(TmG) and a reduction of the renal vascular resist- 
ance and renal blood flow. There was no definite 
relationship between cardiac output and _ renal 
dynamics. 

The change in renal blood flow after hex- 
amethonium chloride appears to be due to the fall in 
blood pressure and the decrease in renal vascular 
resistance without a decrease in the number of 
active nephrons. The hypotensive effect produced 
by hexamethonium can be quickly reversed by 
norepinephrine and epinephrine with the same kidney 
response that is seen in the normal intact animal. 

SAGALL 


Weiss, E., English, O. S., Fischer, H. K., Kleinbart, 
M., and Zatuchni, J.: The Emotional Problems of 
High Blood Pressure. Ann. Int. Med. 37: 677 
(Oct.), 1952. 

The symptoms of hypertension usually arise in a 
social setting of emotional stress. Hence, one must 
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always question their relation to the high blood 
pressure itself, and make an effort to understand 
them from the viewpoint of behavior. With the 
discovery of the hypertension, the “‘blood pressure 
phobia” begins and often dominates the clinical 
picture; the new symptoms are only an exaggeration 
of the premorbid personality trends. These symptoms 
respond readily to psychotherapy, but we have no 
evidence that the course of hypertensive vascular 
disease can be influenced by psychotherapy, no 
matter how intensive or prolonged. Therefore, while 
hypertension in itself is not an indication for psycho- 
therapy, the emotional problems that occur in associ- 
ation with hypertension are; and because they are so 
common, psychotherapy is indicated in the great 
majority of patients with hypertension. Such psycho- 
therapy does not preclude medical and surgical 
treatment of the hypertension. Hypertension occurs 
in all types of personalities, from normal to psy- 
chotic, but there is a great preponderance of neurotic 
personalities with strong compulsive trends. Specific 
personality conflicts or a specific personality struc- 
ture are unrelated to the hypertension. Repressed 
hostility is not peculiar to hypertension, as opposed 
to other psychosomatic disorders. It would appear 
that the hypertensive predisposition and the person- 
ality fault are parallel disturbances, the one inherited 
and exhibited in the somatic sphere, the other mani- 
festing itself in the emotional life through thoughts 
and feelings. When the life situation becomes suffi- 
ciently disturbing for the particular personality, the 
hypertension may appear as one aspect of the person- 
ality decompensation. Having appeared, it usually 
pursues an irrevocable course. Failure to deal ade- 
quately with hypertension stems in large part from 
our failure to recognize the emotional origin of most 
of the symptoms that are attributed to the high blood 
pressure. 
WENDKOS 


Hoobler, S. W., Corley, R. W., Kabza, T. G., and 
Loyke, H. F.: Treatment of Hypertension with 
Oral Protoveratrine. Ann. Int. Med. 87: 465 
(Sept.), 1952. 

Orally administered protoveratrine, a purified de- 
rivative of Veratrum album, is useful in the long- 
term treatment of patients with severe hypertension 
of diverse etiology. The drug is superior to deriva- 
tives of Veratrum viride, which produce, in the 
authors’ experience, too frequent emetic side effects 
to be satisfactory for the long-term management of 
hypertensive patients. Evidence is presented that 

the hypotensive action of the drug is particularly 
useful in the treatment of left ventricular failure. 

Restoration of vision in malignant hypertension and 

relief of hypertensive headaches and encephalopathy 

are also notable beneficial effects. It is emphasized 
that the management of the hypertensive patient 
with protoveratrine is palliative rather than curative 
and that its field of particular usefulness is in 


alleviating symptoms and lowering blood pressure in 
patients in whom surgical or dietary treatment. is 
unsuccessful or inapplicable. 

WENDKOs 


Bannon, W. G.: A New Sympatholytic and Adreno- 
lytic Drug. Clinical Studies on Essential Hyper- 
tension. Proc. Staff Meet., Mayo Clinic. 27: 475 
(Nov.), 1952. 

A new drug, 688-A, N-phenoxyisopropyl-N -benz: |- 
betachlorethylamine hydrochloride, now manufsc- 
tured under the trade name Dibenzyline, is a pote:t 
sympatholytic and adrenolytic drug. It has becn 
administered intravenously to 13 patients and 
orally to 15 patients with essential hypertension. Tie 
intravenous injection of 688-A causes pronounced and 
prolonged reduction of blood pressure of maiy 
patients with essential hypertension; orthostatic 
hypotension is ordinarily marked. The oral admin s- 
tration of 688-A in the treatment of essential hyper- 
tension needs further study. Experience with the drug 
has not been very impressive. 

Although no alarming side efiects were noted from 
the intravenous injection of 688-A except in one 
patient with essential hypertension and none from 
oral administration in cases of the same type, expe- 
rience does not permit the author to state that 688-A 
will not produce serious alarming side effects if used 
in a larger series or for longer periods. 

SIMON 


PATHOLOGIC PHYSIOLOGY 


Remington, J. W., Remington, R. E., and Caddell, 
H. M.: Production of Circulatory Failure by 
Electrolyte Depletion. Am. J. Physiol. 170: 564 
(Sept.), 1952. 

Intraperitoneal injection of 100 to 150 ml. per 
kilogram of 5 per cent glucose produced a fatal 
circulatory collapse while 50 ml. per kilogram did 
not do so. The characteristics of this condition were 
a relatively high arterial blood pressure, very low 
cardiac output, high resistance and central depres- 
sion. Blood volume was reduced 15 per cent. It was 
shown that intraperitoneal hypertonic solutions of 
sodium chloride produce fatal shock by dehydration 
accompanied by a 35 per cent reduction of blood 
volume. Air intraperitoneally or 200 ml. per kilo- 
gram of isotonic solution in the same area do not 
produce shock and rule out the factor of increased 
intraperitoneal pressure. This last was true although 
normal saline did decrease blood volume as much as 
intraperitoneal glucose. Plasma protein increased 
slightly with isotonic glucose but decreased with 
hypertonic solution and isotonic saline. 

OPPENHEIME! 


Sarnoff, S. J., and Berglund, E.: Neurohemody- 
namics of Pulmonary Edema. IV. Effect of Sys- 
temic Vasoconstriction and Subsequent Vaso- 
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dilation on Flow and Pressures in Systemic and 
Pulmonary Vascular Beds. Am. J. Physiol. 170: 
588 (Sept.), 1952. 
Under morphine-chloralose-urethane anesthe- 
medullary centers were stimulated by intra- 
j-ternal injection of thrombin and _ fibrinogen. 
‘ stemic and pulmonary arterial and venous pres- 
ives, peripheral vascular resistance were increased. 
1, dogs in which peripheral vascular resistance rose 
a jittle over 100 per cent flow was decreased 25 per 
cent. In those animals having a 66 per cent increase 
in resistance blood flow increased 11 per cent. Atrial 
pressure was increased in both groups. Partial gan- 
gliionie blockade after thrombin and_ fibrinogen 
lowered peripheral vascular resistance and left atrial 
pressure but increased systemic flow. Phlebotomy 
after these same two agents lowered left atrial pres- 
sure and decreased systemic flow. Work of the ven- 
tricle is increased 48 per cent after intracisternal 
thrombin and fibrinogen, and decreased (25 per 
cent) after partial ganglionic blockade. It is em- 
phasized that both systemic vasoconstriction and a 
shift of blood to lungs are needed to markedly elevate 
pulmonary capillary pressures. Peripheral vasodila- 
tion will prevent increases in lung volume and hence 
tend to offset any tendency to increase pulmonary 
capillary pressure. 
OPPENHEIMER 


Ehrenfeld, E., and De Vries, A.: Recurrent Evolution 
of an Acute Infarct Pattern following Attacks of 
Ventricular Tachycardia. Cardiologia 21: 164 
(Fase. 3), 1952. 

A ease is reported of a 45 year old man who, fol- 
lowing anterior wall infarction with typical electro- 
cardiographie evolution, developed a tendency to 
protracted paroxysmal tachycardia. Two of these 
attacks recurring within three months were followed 
electrocardiographically before and following inter- 
ruption by Pronestyl. On both occasions the patient 
developed congestive heart failure, hypotension but 
no chest pain. However, the electrocardiogram fol- 
lowing conversion to sinus rhythm, revealed on both 
occasions the typical pattern of recent anterior wall 
infaretion, with gradual return over several weeks to 
the preexistent chronic pattern. 

The authors rule out the possibility of repeated 
recont myocardial infarction subsequent to bouts of 
ta: hyeardia and explain the observed electrocardio- 
grphie alterations as “related to a change in re- 

irization leading to a pattern distinct from that 

‘he usual post-tachyeardia syndrome because of 

ious damage in the anterior wall.’ 
Pick 


sini, V., Testoni; F., and Farulla, A.: “Focal 
‘locks” of the Right Intraventricular Conduction: 
orphology, Pathogenesis and Clinical Signifi- 
ance. Cardiologia 21: 171 (Fasc. 3), 1952. 

. study was undertaken of 68 patients with altera- 


tions of the right sided precordial leads consisting in 
widening and notching and/or an rSr’ contour. In 80 
per cent of the cases there were no significant changes 
in the other leads; in the remaining 20 per cent evi- 
dence of impaired intraventricular conduction was 
found especially in leads I, Vp and left precordial 
leads, and the entire tracing had the characteristics 
of the S-type as described by Wilson. 

The focal type of right sided intraventricular 
blocks, with electrocardiographic abnormalities lim- 
ited to part of the precordial leads, appears to be due 
to a conduction defect in a circumscribed area in the 
right ventricle. The fact that in some instances there 
is progression to the pattern typical for complete 
right bundle branch block is in support of the con- 
cept that the latter can be due to a conduction defect 
in the free wall of the right ventricle. 

About half of the persons with focal right bundle 
branch block had no clinical evidence of heart disease, 
and in the other half mitral lesions and congenital 
or arteriosclerotic heart disease were present. It 
seems that this electrocardiographic anomaly if 
found in clinically healthy persons has no prognostic 
significance. 

PICK 


Herrod, C. E., Lee, R. H., Goggans, W. H., 
McCombs, R. K., and Gerbode, F.: Control of 
Heart Action by Repetitive Electrical Stimuli. Ann. 
Surg. 136: 510 (Sept.), 1952. 

The authors described an electronic device capable 
of delivering defibrillating shocks or repetitive elec- 
trical stimuli for pacemaking. This was tested on 
normal dogs. 

Repetitive electrical stimuli in small current in- 
tensities of 2 to 3 volts and stimulus durations of 
from 0.02 to 0.10 second were found to be capable of 
superimposing beats upon the normally beating 
heart. They were also able to dominate the existing 
rhythm when the conductivity of the cardiac mecha- 
nism was altered by large doses of procaine amide. 
Stimuli of greater intensity or longer duration pro- 
duced ventricular fibrillation. 

Repetitive electrical stimuli were ineffective in 
the case of the heart in which the conductivity or the 
contractility had been damaged by anoxia, as oc- 
curred in standstill after asphyxia, in standstill 
following defibrillation, and in severe depression due 
to drugs. However, when this state did not exist, 
the application of the stimuli caused prompt resump- 
tion of vigorous ventricular contractions. 

It was concluded that the possible clinical applica- 
tions of a repetitive electrical stimulating device 
was still extremely limited. 

ABRAMSON 


Robertson, E. S., and Mathews, E. C.: Paroxysmal 
Ventricular Fibrillation Producing Adams-Stokes 
Syndrome. Arch. Int. Med. 90: 320 (Sept.), 1952. 
A ease is described of paroxysmal ventricular 
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fibrillation producing Adams-Stokes seizures which 
illustrates the following: (a) the importance of es- 
tablishing the underlying mechanism of Adams- 
Stokes attacks; (b) the association of ventricular 
standstill with ventricular fibrillation in the produc- 
tion of Adams-Stokes attacks; and (c) the potential 
aggravating effect of quinidine in ventricular fibrilla- 
tion, especially in the presence of complete heart 
block and intraventricular block. 

Paroxysmal ventricular fibrillation occurs most 
frequently in persons with serious heart disease, 
chiefly with atrioventricular dissociation and after 
coronary occlusion with myocardial infarction. How- 
ever, it has been reported in several instances in 
persons with no demonstrable heart disease. Factors 
favoring ventricular fibrillation include anoxia, 
ischemia, intravenous administration of drugs, and 
toxic doses of drugs, especially digitalis and quinidine. 
Ventricular fibrillation also may occur in chloroform 
or cyclopropane anesthesia, especially when the cir- 
culating epinephrine concentration is increased by 
injection or anxiety. 

Since, to date, there is no standard therapeutic 
program for the management of ventricular fibrilla- 
tion, the treatment must be individualized. Drugs 
useful in the treatment of Adams-Stokes seizures due 
to ventricular standstill (including epinephrine, 
ephedrine, and barium chloride) probably should not 
be used. Among the measures which may be given 
consideration are the following: (a) oxygen therapy; 
(b) cautious administration of coronary vasodilators, 
such as aminophyllin and papaverine; (c) adminis- 
tration of procaine amide orally or cautiously intra- 
venously ;and (d) administration of sedatives, includ- 
ing bromides and phenobarbital. 

BERNSTEIN 


Bennet, I. L., Jr., and Walke1, W. F.: Cardiac 
Arrhythmias Following the Use of Large Doses of 
Central Nervous System Stimulants. Am. Heart 
J. 442.428 (Sept.), 1952. 

Two cases of cardiac arrhythmias in patients 
treated with large doses of nikethamide, caffeine, 
and amphetamine are reported. In the first patient 
14 Gm. of caffeine and sodium benzoate, 12 Gm. of 
nikethamide, and 40 mg. of amphetamine intra- 
venously produced bigeminy due to ventricular pre- 
mature contractions 15 hours after administration. 
In the second patient, the intravenous administra- 
tion of 11 Gm. of nikethamide, 11.5 Gm. of caffeine 
sodium benzoate, and 100 mg. of amphetamine re- 
sulted within five hours in depression of the S-T 
segments and a large U wave. The rhythm soon be- 
came irregular due to the appearance of ventricular 
premature beats and rapidly progressed to chaotic 
heart action. Cardiac arrest occurred three hours 
later despite treatment with procaine amide, calcium 
gluconate, and epinephrine. 


RINZLER 


Mann, R. H., and Burchell, H. B.: Premature Ven- 
tricular Contractions and Exercise. Proc. Sta'{ 
Meet., Mayo Clinic. 27: 383 (Sept.), 1952. 

A study was made of 21 cases in which prematuy:: 
ventricular contractions were present in electrocardi: 
graphic tracings obtained after exercise tests. |! 
appears that precipitation of ventricular tachyeard:, 
(or premature contractions) by exercise should sug 
gest, but not necessarily be considered diagnostic o 
the presence of cardiac disease. It is more difficu : 
to draw definite conclusions about patients in who: 
premature ventricular contractions persist or b 
come more frequent after exercise. The exercise tes! 
is a functional one, and although positive result 
furnish good evidence for coronary insufficienc) 
negative results do not exclude such a condition 
With this qualification, it can be stated that thos 
patients who displayed a persistence or an increase: 
frequency of premature ventricular contractions afte 
exercise most frequently did not show evidence o 
coronary insufficiency. 

Although not specifically included in this study 
a case was observed in which premature ventricula: 
contractions were present during rest but wer 
abolished by exercise. Coronary insufficiency was 
present both clinically and as evidenced by positive 
results of the exercise test. The fact that premature 
ventricular contractions are abolished by exercise 
does not exclude coronary insufficiency. 

SIMON 


Condorelli, L.: Regulatory Mechanisms of Pul- 
monary Arterial Pressure. Cardiologia 21: 379 
(Fasc. 4/5), 1952. 

The author constructed a special apparatus for 
simultaneous and continuous recording of pressures 
in the pulmonary and femoral arteries in man and in 
larger experimental animals. In this way various 
mechanisms regulating conditions of the systemic 
circulation could be demonstrated to be without 
effect upon the pulmonary circulation. Thus a physi- 
ologic sympathetic tone appeared to be hardly of 
any significance in the pulmonary artery and no 
cholinergic nerve endings could be traced in the 
pulmonary arterial system. 

On the basis of these experiments it is concluded 
that systemic and pulmonary hypertension are two 
entirely different entities. The latter apparently 
develops over some unknown proprioceptive mecha- 
nisms in the pulmonary circulation. 

Pick 


Wright, H. P., and Osborn, S. B.: Effect of Posture 
on Venous Velocity, Measured with NaCl”. Brit 
Heart J. 14: 325 (July), 1952. 

Radioactive sodium was used to study the effect 
of posture on the blood flow in the lower limbs. The 
blood flow was equal in both limbs and under stand- 
ard conditions, average 4.2 em. per second. The flow 
rate is about halved in the standing or sitting posi- 
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on compared to that of the supine and is doubled 
ith the head down about 10 degrees or with gentle 
xercise of the feet. The rate was not changed upon 
rossing the knees. 

The authors believe that these findings are sig- 
ificant. They advise elevation of the foot of the 
ed and gentle movements of the feet postoperatively 
prevent thrombosis of the veins of the lower limbs. 
SoLoFF 


Denney, J. L., Miller, H., Griffith, G. C., and Nathan- 
son, M. H.: Ventricular Acceleration Following 
Procaine Amide Hydrochloride Therapy. J.A.M.A. 
149: 1391 (Aug. 9), 1952. 

A ease of ventricular tachycardia treated with 
atravenous procaine amide is reported, in which the 
following events occurred: (a) progressive and pro- 
nouneed widening and notching of the QRS wave of 
the electrocardiogram, (b) a short paroxysm of 
ventricular acceleration of the prefibrillation type, 
and (e) restoration of sinus rhythm. The authors 
suggest that, as with quinidine sulfate therapy, a 
widening of the QRS wave during the administration 
of procaine amide hydrochloride may represent a 
precursor to ventricular fibrillation and is an indica- 
tion for discontinuance of use of the drug. 

KiITCHELL 


Pederson, A., and Warburg, E.: Starling’s “Law of 
the Heart’’ Elucidated Through the Filling Pres- 
sure of the Right Ventricle in Atrial Septal Defect. 
Cardiologia 21: 517 (Fasc. 4/5), 1952. 

In 20 patients with definite proof of an atrial septal 
defect with left to right shunt, the pressures in the 
right auricle, right ventricle and the pulmonary 
capillary pressure were compared with corresponding 
values obtained in a control group of cases without 
cardiac disease. 

In atrial septal defect the pulmonary blood flow 
increases to twice the normal and the filling pressure 
of the right ventricle is distinctly higher than nor- 
mal. Thus the increase of stroke volume of the right 
ventricle appears to be a true Starling effect. How- 
ever, the pressure in the pulmonary capillaries in an 
atrial septal defect does not differ from normal and 
the output of the left ventricle is definitely lowered. 
The latter appears to be the consequence of some 
secondary regulatory mechanism of unknown nature. 

Pick 


Guyton, A. C., and Satterfield, J. H.: Vasomotor 
Waves Possibly Resulting from CNS Ischemic 
Reflex Oscillation. Am. J. Physiol. 170: 601 
Sept.), 1952. 

Hemorrhage and elevated cerebrospinal pressure 
Wen combined will usually make the arterial pres- 
e oscillate. The authors suggest the following 
mechanisms: CNS ischemia (due to elevated CSF 
p essure) excites the vasomotor center; mean blood 
ssure rises above the CSF pressure; this relieves 
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ischemia; blood pressure then falls below CSF pres- 

sure and the cycle starts again. Pressoreceptor de- 

nervation does not prevent these waves. 
OPPENHEIMER 


PATHOLOGY 


Pomerantz, H. Z., Darragh, J. H., and Mallory, 
G. K.: Recurring Dissecting Aneurysm of the 
Aorta. Canad. M. A. J. 67: 339 (Oct.), 1952. 

The authors report a case of recurring dissecting 
aneurysm of the aorta in which the original dissec- 
tion occurred six months prior to death and the final 
dissection in the ascending aorta led to occlusion of 
the carotid artery with hemiplegia and terminal 
cardiac tamponade. Dissections which do not com- 
promise the blood supply of major arterial trunks are 
compatible with long periods of survival and are at 
the same time the most difficult type of dissection 
to diagnose ante mortem. 


BERNSTEIN 


Kirkeby, K., and Leren, P.: Myxoma of the Heart. 
Polypoid Tumor of the Left Atrium Diagnosed 
Ante Mortem. Acta med. scandinav. 143: 385 
(Oct.), 1952. 

The case of a man aged 50 years is described. The 
antemortem diagnosis of polyp of the left atrium was 
made on the basis of varying auscultatory findings 
over the heart. When in the erect position the mur- 
murs suggested mitral stenosis whereas in the reeum- 
bent position they suggested mitral regurgitation. 
Furthermore the patient developed cardiac decom- 
pensation which displayed a rapid progression with 
enlargement of the liver, edema and dyspnea. Post- 
mortem examination disclosed: a- hemangiofibro- 
myxoma 5 em. by 5 em. by 3 em. in size attached 
to the endocardium 5 em. above the posterior com- 
missure of the mitral valve and protruding through 
the mitral valve ring which appeared dilated. The 
symptoms and signs which are said to be suggestive 
of polyps of the left atrium are (1) lack of rheumatic 
history, (2) short history with rapid progression of 
decompensation when it occurs, (3) attacks of 
dyspnea, cyanosis, tachycardia and precordial pain, 
at times occurring in relation to alterations of posture 
permitting mass to fall into mitral orifice, (4) attacks 
resembling Stokes-Adams syndrome, (5) auscultatory 
findings which may vary with changes in position, 
(6) peripheral or central embolism, (7) increased 
sedimentation rate and fever, (8) hypotension, (9) 
radiographic evidence of enlargement of left atrium 
and right ventricle, and (10) ineffectiveness of digi- 
talis. The possibility of surgical intervention and 
removal of polyps from the left atrium is discussed 
briefly. 

RosENBAUM 


PHARMACOLOGY 


Schack, J. A., Hoffman, I., and Vesell, H.: The 
Response of Arrhythmias and Tachycardias of 
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Supraventricular Origin to Oral Procaine Amide. 

Brit. Heart J. 14: 465 (Oct.), 1952. 

The authors report the effects of oral procaine 
amide upon one hundred instances of supraventricu- 
lar arrhythmias or tachycardias which occurred in 
83 individuals. After a test dose of 250 mg., 1 Gm. 
was given every four hours. If after 5 Gm., the ar- 
rhythmia had not been abolished, 1 Gm. was given 
every three hours. 

Auricular fibrillation was abolished in 17 of 21 
of less than one week duration, 15 of 25 of less than 
three years’ duration and 3 of 15 of more than three 
years’ duration. Auricular flutter was abolished in 
only one of seven instances. All nine instances of 
paroxysmal auricular tachycardia were abolished. 
Two of three instances of auricular premature con- 
tractions were controlled. All four with nodal tachy- 
cardia were readily returned to sinus rhythm. 

The maintenance dose was 0.5 Gm. every six 
hours for two to four weeks. 

The toxic effects noted were nausea, vomiting, 
malaise, weakness, marked diaphoresis and profound 
prostration. 

SOLOFF 


Lucas, B. G. B., and Short, D. S.: Procaine Amide 
in the Control of Cardiac Arrhythmias. Brit. 
Heart J. 14: 470 (Oct.), 1952. 

Procaine amide abolished four of five instances of 
ventricular tachycardia, 7 of 13 instances of ven- 
tricular premature beats, four of nine episodes of 


supraventricular tachycardia, two of six instances of 
supraventricular premature beats and three of 
eighteen instances of auricular fibrillation. Treat- 
ment was of limited value in prophylaxis. 

In 28 individuals undergoing catheterization and 
24 undergoing cardiac surgery, the drug was of no 
value in preventing the arrhythmia produced by 
mechanical trauma. 


SOLOFF 


Erspamer, V.: Observations on Alleged Serotonin- 
(Enteramine)-Like Nature of Cerebral Pressure 
Substance of Taylor, Page, and Corcoran. Arch. 
Int. Med. 90: 505 (Oct.), 1952. 

Serotonin, a circulating enteramine, is by no 
means a pure hypertensive agent, inasmuch as it can 
provoke hypertensive, hypotensive, and biphasic 
reactions, according to the animal species, the dose, 
and the conditions of the circulatory system. 1-Hy- 
drazinophthalazine (C-5968) cannot be considered 
a specific inhibitor of enteramine. So far, no convine- 
ing evidence exists that the cerebral vasopressor 
principle of Taylor, Page, and Corcoran belongs to 
the series of the enteramine-like substances. There- 
fore, all the clinical and etiopathogenetic deductions 
which the authors have drawn from their hypothesis 
are premature. 


BERNSTEIN 


Kirkland, G. S., and Malach, M.: The Clinical Use 
of Norepinephrine in the Treatment of Shock 
Accompanying Myocardial Infarction and Other 
Conditions, New England J. Med. 247: 383 (Set, 
11), 1952. 

Norepinephrine (aminoethanol catechol) has been 
found to produce a generalized arterial, capillary and 
venous vasoconstriction with an increase in to‘al 
peripheral resistance and a resultant increase in s\’s- 
tolic, diastolic and mean systemic arterial blood 
pressures. There is an increase in the mean arter al, 
sapillary and venous pressure in the pulmonary 
cuit. The cardiac output is decreased as is the pi 
rate in the normotensive human being and 
intact animal. Renal plasma flow is decreased but 
filtration fraction is increased and cerebral bl 
flow is decreased although there is no change 
cerebral oxygen consumption. Norepinephrine 
neither the calorigenic nor hyperglycemic actions of 
epinephrine. It does not produce the anxiety, restless- 
ness or apprehension produced by epinephrine. 

Thirty patients were treated with 37 infusions of 
epinephrine. In 14 patients the drug was used because 
of shock associated with acute myocardial infare- 
tion, whereas in the remaining 16 the shock was due 
to a miscellany of other causes. Ampules containing 
4 mg. of the drug were diluted in 1000 ce. of 5 
per cent glucose or 0.85 per cent saline to yield a 
solution containing 4 ug. per cubic centimeter for 
intravenous administration. The solution was given 
at an average rate of 20 to 30 drops per minute, the 
flow usually sufficient to elevate the systolic pressure 
to 100 or to alleviate the clinical manifestations of 
shock. It was found that abrupt cessation of nor- 
epinephrine often resulted in a sudden drop of blood 
pressure; consequently, the rate of flow was grad- 
ually decreased over a period of four to six hours 
after the blood pressure became stabilized. The largest 
amount of the drug administered to a single patient 
was 62 mg. during five days. A significant pressor 
response occurred in 12 of 17 courses of treatment 
in 14 patients with shock accompanying myocardial 
infarction. Four of these patients ultimately sur- 
vived. Aggravation of congestive failure or pul- 
monary edema, already present because of myocardial 
infarction, did not result from norepinephrine ad- 
ministration. A significant pressor response was ob- 
served in 18 of 20 courses of treatment in 16 patients 
with shock from other causes; only three of these 
patients ultimately survived. In this series a pressor 
response was obtained in many patients who had 
previously failed to respond to other measures in- 
cluding oxygen, shock blocks, plasma, whole blood, 
paredrine, Neosynephrine and epinephrine. 

The most important complication of treatment 
was the appearance of local venospasm, pallor, vold 
skin and cyanosis in the area of insertion of the 
needle within 1 to 24 hours after institution of the 
infusion. This occurred in 14 of the 30 cases. /ted 
streaky phlebitis and vesicular eruption or ulecra- 
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tio) occurred in some cases. Extravascular infiltra- 
tio. of neoepinephrine may produce intense 
vas spasm with subsequent necrosis and ulceration 
of he skin. It is recommended that the drug be 
givn with caution in the presence of peripheral 
vas ‘ular disease or diabetes mellitus. 

ROSENBAUM 


Lands, A. M., and Howard, J. W.: A Comparative 
Study of the Effects of l-Arterenol, Epinephrine 
and Isopropylarterenol on the Heart. J. Phar- 
macol. & Exper. Therap. 106: 65 (Sept.), 1952. 
Vhe effects of varying concentrations of 

l-arterenol, epinephrine, and isopropylarterenol on 

the rate and amplitude in the perfused frog heart, 
the isolated tortoise sino-auricular preparation, the 
isolated auricle of the rabbit, and in the perfused 
rabbit heart were investigated. Epinephrine was 
found to be more effective than l-arterenol in increas- 
ing the amplitude and rate of contraction in the 
perfused frog heart and the tortoise isolated sino- 
auricular preparation but less effective in the isolated 
rabbit auricle and perfused rabbit heart. In the frog 
and tortoise heart changes in amplitude were induced 
more readily by both drugs than changes in the rate 
of contraction while the reverse was found in the 
rabbit heart. These differences in action suggest that 
the drugs act on different receptor mechanisms in 
producing the changes in rate and amplitude and 
that there are species differences in sensitivity for 
both effects. In regard to changes in rate and ampli- 
tude isopropylarterenol was found to be many times 
more potent than the other two drugs in ail the four 
preparations studied. The three agents were found 
to have a critical concentration for the effects pro- 
duced and wide variations of concentration on either 
side of this critical level did not cause significant 
changes in rate or amplitude of contraction. The 
capacity of the isolated rabbit auricle to follow on 
artificial pacemaker was increased frequently by 
relatively high concentrations of epinephrine and 
lLarterenol and more so by isopropylarterenol and 
was reduced by lower concentrations. 

SAGALL 


Ruben, H., and Morris, L. E.: Effect of Cocaine on 

‘ardiac Automaticity in the Dog. J. Pharmacol. & 

per. Therap. 106: 55 (Sept.), 1952. 

‘\e effect of intravenously administered cocaine 
on «pinephrine-induced arrhythmias was _ studied 
in « nseious and cyclopropane-anesthetized dogs. 
Inje ‘ion of epinephrine after cocaine or the simul- 
tanc: is injection of cocaine and epinephrine produced 
and creased cardiac effect as compared with the 
inj on of epinephrine alone and in all experiments. 
The jection of cocaine alone did not induce cardiac 
irre. ilarities. The authors conclude that cocaine 
eitl increases the sensitivity of the heart to epi- 
ne} rine or delays the destruction of epinephrine. 

SAGALL 


Dearborn, E. H., and Lasagna, L.: The Antidiuretic 
Action of Epinephrine and Norepinephrine. J. 
Pharmacol. & Exper. Therap. 106: 122 (Sept.), 
1952. 

Studies performed on unanesthetized dogs during 

a water diuresis after the intravenous administra- 

tion of epinephrine or norepinephrine revealed two 

types of antidiuretic effects. The first was a rapid 
inhibition of less than ten minutes duration as- 
sociated with a decrease in glomerular filtration rate 
and renal blood flow occurring probably as a conse- 
quence of renal vasoconstriction. The second type was 
a long effect persisting after the circulation had re- 
turned to a normal state. When the hypothalamo- 
hypophyseal system was damaged surgically, this 
long antidiuretic effect was not found. These studies 
suggest that the long antidiuretic effect is due to 
liberation of antidiuretic hormone from the posterior 
pituitary by injected epinephrine or norepinephrine. 
SAGALL 


Winsor, T.: Effects of Hydrogenated Alkaloids of 
Ergot on Vasomotor Reflexes. Am. J. M. Sc. 
224: 42 (July), 1952. 

The effect of the hydrogenated alkaloids of ergot 
upon peripheral blood flow, skin temperature, blood 
pressure, venous pressure and oscillometry was meas- 
ured in 69 patients with hypertensive disease and 
in 11 normal subjects. The ergot preparations were 
administered orally and intravenously and consisted 
of three compounds in a single tablet or solution 
known as CCK 179. This drug consistently caused a 
hypotensive effect after the injection of 1 mg. with 
the subject supine and occasionally after an oral 
dose of 3.0 mg. with the subject -erect. The drug 
appears to be a sympathetic nervous system depres- 
sant, acting centrally, at the ganglion or peripherally. 
These effects are demonstrated by a decrease in 
peripheral resistance, accompanied by an inhibition 
of induced and spontaneous vasomotor activity of 
the digits, a decrease in sweating and a decrease in 
the cold pressor response after administration of the 
drug. The depressor effect noted was variable in the 
hypertensives and appears to be most marked in 
those with a significant neurogenic aspect to the 
disease. It is suggested that this drug b2 utilized over 
long periods of time to determine whether or not the 
hypotensive effects can be maintained. 

SHUMAN 


Jessar, R. A., Horwitz, O., and Montgomery, H.: 
The Vasodilator Effects of Intravenous Procaine 
in Patients with Ischemic Extremities. Am. J. 
M. Sc. 224: 300 (Sept.), 1952. 

The vasodilating action of intravenous procaine 
was evaluated in nine patients with evidence of periph- 
eral vascular disease and ischemic extremities. Basal 
vascular tone and reflex vasodilatation tests were per- 
formed. The patients received 250 cc. of 0.1 or 0.2 
per cent solution of procaine hydrochloride in saline 
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for a period of 10 to 70 minutes after a preliminary 
set of data were obtained using saline above. In fou 
patients undesirable side effects of precordial op- 
pression, nervousness, drowsiness, light headedness 
or perioral numbness were noted. The administra- 
tion of procaine produced no significant change in 
digital cutaneous blood flow, blood pressure, cardiac 
output, pulse rate or temperature when compared 
to a normal group of controls. 
SHUMAN 


Rosenthal, N., and Rosenthal, R. L.: Treatment of 
Polycythemia Vera with Triethylene Melamine. 
Arch. Int. Med. 90: 379 (Sept.), 1952. 

Thirty patients having polycythemia vera were 
treated with triethylene melamine. Twenty patients 
showed a satisfactory symptomatic and hematologic 
response, with an average remission of eight to nine 
months following an average course of 30 mg. of 
triethylene melamine. Analysis of these cases re- 
vealed that patients witha shorter duration of disease 
and normal thrombocyte and white blood cell counts 
responded more favorably to treatment than did 
patients with a long history of the disease and 
elevated white blood cell and thrombocyte counts. 
The additional value of triethylene melamine as a 
depressant of elevated thrombocyte counts is dis- 
cussed in relation to thromboembolic and hemor- 
rhagic complications. 

This study indicates that triethylene melamine 
offers good potentialities in the treatment of poly- 
cythemia vera. Further observation is necessary 
before valid comparisons with this therapy can be 
made. 

BERNSTEIN 


Melville, K. T.: On the Mechanism of the Cardio- 
vascular Actions of Digitalis; Observations on 
the Influence of Flaxedil, Atropine or Vagotomy. 
J. Pharmacol. & Exper. Therap. 106: 208 (Oct.), 
1952. 

The effects of Flaxedil, atropine and vagotomy on 
the cardiovascular response (blood pressure, heart 
rate, and electrocardiographic changes) to intra- 
venously injected ouabain and digitoxin were studied 
in anesthetized dogs. Flaxedil was found to block 
the reflex vagal control of the heart and the cardio- 
inhibitory action of acetylcholine but to prolong the 
depressor response to acetylcholine and to increase 
the excitatory response of the heart to epinephrine. 
The previous injection of Flaxedil or atropine 
affected the cardiac and vascular responses to 
ouabain and digitoxin. The reflex vagal bradycardia 
was blocked and the usual pressor response was 
diminished, but an initial slowing of the beart rate 
followed by a sinus tachycardia appeared and the 
usual T-wave changes were present. Cutting of the 
ragi in the neck after previous injection of Flaxedil 
or atropine followed by ouabain or digitoxin resulted 
in a prompt rise in blood pressure without a sig- 


nificant change in the heart rate. This effect was 1ot 
apparent when the vagi were sectioned in the chest 
below the heart or lungs. After previous dou)le 
cervical vagotomy without the injection of Flaxe:il 
or atropine, a marked sustained pressure respoiise 
was induced by ouabain or digitoxin. The resu'ts 
suggest that ouabain and digitoxin can slow the he:irt 
by some nonvagal action apparently associated w th 
a direct effect on the myocardium. The pressor ‘e- 
sponse of digitoxin and ouabain observed after ihe 
cutting of the vagi in the neck apparently is asscci- 
ated with the release of some afferent reflex va.o- 
inhibition originating in the heart itself under ‘he 
influence of digitalis. This effect is similar to ‘he 
“Bezold effect’? and may be an important factor in 
the therapeutic action of digitalis in cardiac failure, 
SAGALI 


Best, M. M.: Management of Khellin Toxicity; 
Effects of Dosage and Purification. Am. J. \. 
Se. 224: 308 (Sept.), 1952. 

Because of the toxicity associated with the 
Visnagin portion of Khellin preparations, the author 
employed a_ purified crystalline khellin product 
largely devoid of Visnagin to reduce the incidence 
of side effects commonly observed with the cruder 
forms. Several patients were found intolerant to the 
crude preparation but were able to tolerate similar 
dosages of purified khellin. However, toxic mani- 
festations of gastrointestinal origin were observed 
with crystalline khellin the incidence of which de- 
pended upon the dosage utilized. The drug was 
found to be effective in reducing anginal pain and 
preventing abnormal electrocardiographic responses 
to exercise and anoxemia in doses ranging from 30 
to 120 mg. per day. It is suggested that purified 
khellin is less toxic and may be effective in lower 
doses and that the minimum effective dose for each 
patient must be ascertained. 

SHUMAN 


Brofman, B. L., Hellerstein, H. K., and Caskey, 
W. H.: Mephentermine—An Effective Pressor 
Amine. Am. Heart J. 44: 396 (Sept.), 1952. 
Mephentermine (N-methylpheny] tertiary butyl- 

amine), is a new pressor substance with theoretic 

norepinephrine-like activity. In dogs, usually 0.3 to 

0.5 mg. per kilogram administered intravenously by 

infusion over a 6 to 10 minute period was able to 

effect a rise in mean blood pressure of 10 to 30 per 
cent above the control level. Associated with this 
pressor response, the following occurred: there was 
little change in heart rate except for reflex slowing; 
pulmonary artery pressure increased slightly; no 
significant electrocardiographic effects occurred; oxy- 
gen consumption increased; the respiratory rate 
showed variable but definite increase; and the 
cardiac output at the height of the pressor effect 
showed no significant variation from control values. 
Coronary flow was increased even under consti nt 
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co:onary perfusion pressure by slow intravenous 
in usion. 

\lephentermine was administered to volunteer 
hy potensive, normotensive and hypertensive pa- 
ticnts in graded doses of 5 mg., 10 mg., and 20 mg., 
ar | observations were recorded until the blood pres- 
suie returned to normal. Most patients received 
35 mg. over a one-half hour period with a total 
volume of infusion not exceeding 50 cc. With these 
doses, there was little or no direct action upon the 
heart as measured by changes in rate, rhythm, and 
ir:itability. Side reactions such as cerebral stimula- 
tion, pupillary changes, blood sugar changes, respira- 
tory stimulation, and metabolic rate increase were 
absent or insignificant. The cardiac output was rela- 
tively unaltered and heart work was increased in 
normal and hypotensive patients. 

Based on these experiments, the authors outline 
the following dosage schedule as practical: an intra- 
venous priming dose of 10 to 20 mg. or more, followed 
by an intravenous infusion of approximately 5 mg. 
per minute, the rate of infusion to depend on the 
desired blood pressure. A sustained blood pressure 
can be obtained by intramuscular injection of 15 to 
35 mg. at one-half hour intervals, or longer. 

Mephentermine then appears to be a suitable 
drug for use in treating acute hypotensive states, 
especially shock following myocardial infarction. It 
has proved effective in sustaining blood pressure 
in cardiovascular operations without producing 
arrhythmias. 

RINZLER 


Morris, L. E., Yein, C. S., Haid, B., and White, 
J. M., Jr.: Laboratory and Clinical Observations 
on the Effect of Regitine (C-7337) on Cardiac 
Irregularities During Cyclopropane Anesthesia. 
J. Pharmacol. & Exper. Therap. 106: 48 (Sept.), 
1952. 

In 21 experiments made on nine dogs, the authors 
found that Regitine markedly reduced the incidence 
and severity of ventricular arrhythmias induced by 
epinephrine during cyclopropane anesthesia. In 58 
gynecologic patients anesthetized with cyclopropane, 
Regitine was administered preoperatively to 23 pa- 
tients either orally (60 to 120 mg. one to one and 
one-half hours prior to induction of anesthesia) or 
in'ravenously (0.33 mg. per kilogram body weight 
10 to 15 minutes prior to induction of anesthesia). 
In all patients electrocardiograms were recorded 
prior to and at intervals during anesthesia. In addi- 
tio, the electrocardiographie pattern was continu- 
ou-.y observed with an oscilloscope during the 
op ution. No significant reduction in ventricular 
ir uarities was observed in the Regitine pre- 
me ‘icated group as compared with the control 
grip. In addition the injection of Regitine during 
al sthesia did not reduce the incidence of 
ve-tricular irregularities. 

SAGALL 


PHYSICAL SIGNS 


Edwards, E. A., and Levine, H. D.: Peripheral 
Vascular Murmurs. Arch. Int. Med. 90: 284 
(Sept.), 1952. 

This is a study of murmurs generated within the 
peripheral blood vessels in a variety of disorders. 
The murmurs are presented as registered by phono- 
cardiographic apparatus, and correlation is made with 
roentgen visualization of the vessels. Murmur pro- 
duction at an area of narrowing was studied by com- 
pression of the brachial artery in normal persons. 
Murmurs at, or distal to, the site of compression 
consist of three components: an early systolic impact, 
a later systolic stenotic flow, and a protodiastolic 
recoil. A murmur consisting of impact and recoil, 
with an occasional trace of the transmitted stenotic 
flow, is discernible proximal to the obstruction. 
Elevation of the pulse pressure intensifies and pro- 
longs all three components, especially the impact. 

Arterial murmurs are mainly systolic in time, 
owing to the existence of a high pressure gradient 
at this pulse phase. Elements of the three com- 
ponents mentioned above are noted in the murmurs 
heard when the lumen is narrowed, whether by 
external pressure as with cervical rib or in the 
scalenus maneuver, or in intrinsic obstruction as by 
arteriosclerosis. A gruff systolic murmur was heard 
over the aorta or over the iliac or femoral arteries 
in about half of all patients with arteriosclerosis. No 
murmurs were heard in thromboangiitis obliterans 
or proximal to arterial thrombosis. Arterial aneu- 
rysms often failed to give the classic systolic murmur, 
probably because of parietal thrombosis. The con- 
tinuous murmur of arteriovenous fistula was studied. 
Constriction of the effluent véin converted such a 
murmur to a systolic one by eliminating the necessary 
gradient for a critical velocity in the diastolic phase. 
A murmur, probably due to high velocity flow, is 
heard far along the vein proximal to a fistula. 

BERNSTEIN 


Reubi, F., Vogt, H., and Plancherd, B.: Presystolic 
Murmur in a Case of Obliterating Pulmonary 
Arteritis. Cardiologia 21: 90 (Fasc. 2), 1952. 

A case is described of a 57 year old patient with 
recurrent and progressive right heart failure. There 
was a distinct presystolic murmur heard over the 
apex which together with other clinical electrocardio- 
graphic and roentgenologic signs suggested the diag- 
nosis of mitral stenosis. The condition responded 
poorly to the conventional cardiac therapy and the 
patient died after several months of observation. 

At autopsy, a generalized panarteritis was found 
which involved mainly the pulmonary vascular tree, 
with obliteration of many small vessels. There was 
a marked dilatation of the main pulmonary artery 
associated with a relative insufficiency of the pul- 
monary valves. The right auricle and ventricle were 
hypertrophied and dilated, but there was no organic 
involvement of any valve. On the basis of these find- 
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ings the authors attribute the apical presystolic 
murmur to a functional tricuspid stenosis which is 
analogous to the mechanism implied for the ex- 
planation of an Austin-Flint murmur in the presence 
of aortic regurgitation. 

Pick 


Landulfo, J.: A Contribution to the Study of Femoral 
Vascular Sounds. Arg. brasil cardiol. 5: 119 
(June), 1952. 

The production of femoral vascular sounds was 
studied in a series of 90 records which included simul- 
taneous phonograms and phleboarteriograms. Ac- 
cording to the author, there are four main femoral 
sounds which are variably combined, giving rise to 
double, triple or quadruple rhythms. 

The presystolic sound originates in the valves of 
the femoral vein during the sudden increase of local 
venous pressure due to right auricular systole in the 
presence of venous stasis. 

The diastolic arterial sound originates in the rapid 
and wide distention of the femoral artery. 

A postdiastolic arterial sound follows the diastolic 
arterial sound. The probable pathogenesis of this 
acoustic element is that the diastolic distention of the 
femoral artery compresses the femoral vein and 
empties it; during the subsequent arterial systole, 
there is a backward venous flow which causes vibra- 
tion of the valves of the femoral vein. 

A late sound occurs in cases associated with venous 
stasis and corresponds to the V wave of the jugular 
phlebogram. Tracings obtained by catheterization 
of the superior vena cava apparently confirm this 
explanation. 

SCHLESINGER 


PHYSIOLOGY 


Winbury, M. M., and Green, D. M.: Studies on the 
Nervous and Humoral Control of Coronary Cir- 
culation. Am. J. Physiol. 170: 555 (Sept.), 1952. 
The authors investigated the effect of nervous and 

humoral factors on the rate of coronary blood flow 

in dogs under anesthesia and with the chest open. 

Rate of flow was increased and coronary resistance 

decreased by stimulation of augmentor nerves, intra- 

coronary injection of epinephrine, l-arterenol, acety]- 
choline and histamine. Cardiac output and work 
were increased by sympathetic stimulation, epi- 
nephrine and l-arterenol. In the case of pituitrin 
coronary flow rate was reduced and resistance in- 
creased though other cardiovascular factors were not 
changed. When the vagus was stimulated, blood 
pressure, heart rate and coronary flow all decreased. 
The authors are of the opinion that changes in 
coronary flow are secondary to changes in blood 
pressure. Tetraethylammonium bromide (TEAB) 
reduced or prevented the effects of preganglionic 
stimulation but did not alter increased flow rates 
produced by drugs. Acetylcholine and vagus stimu- 
lation were blocked by atropine. Increased pressure 


within the stomach or partial constriction of the ven: 
cava reduced coronary flow and blood pressure. T] 
last two effects were not prevented by atropine. I) - 
creased intrabiliary tension did not change coronai v 
flow. These experiments did not demonstrate th: | 
autonomic nerves or their mediators can produ 
active coronary vasoconstriction. 

OPPENHEIMER 


Lewis, B. M., and Gorlin, R.: Effects of Hypoxi 
on Pulmonary Circulation of the Dog. Am. 
Physiol. 170: 574 (Sept.), 1952. 

In these experiments cardiac output, pulmonar » 
and femoral arterial pressure were measured. Ty 
series of experiments were performed, one at | 
per cent inspired oxygen and another at 2.5 to 4 
per cent oxygen. In the first group when arteri: 
saturation was above 55 per cent saturated th: 
pressure gradient across the lungs and the vascul:r 
resistance were increased since cardiac output was 
unchanged under conditions of these experiment-. 
In the same group, when arterial saturation was less 
than 55 per cent, cardiac output increased and 
vascular resistance decreased. It is pointed out that 
this last response resembles that to acute severe 
anoxia. In the second group of dogs (2.5 to 4.7 per 
cent oxygen inspired) arterial saturation was below 
27 per cent and pulmonary artery pressure was in- 
creased. Pulmonary vascular resistance was decreased 
in most cases. At values below 15 per cent saturated 
left arterial pressures were increased. Cardiac output 
was increased in acute severe anoxia but decreased 
if conditions were maintained. There was no change 
in output with mild or localized anoxia and it is asso- 
ciated with pulmonary vasoconstriction. It is consid- 
ered that this vasoconstriction is due to direct local 
action on vessels. Acute severe hypoxia increases out- 
put but decreases resistance in the pulmonary 
vessels. 

OPPENHEIMER 


Stevenson, I. P., Duncan, C. H., Flynn, J. T., and 
Wolf, S.: Hypertension as a Reaction Pattern to 
Stress. Correlation of Circulatory Hemodynamics 
with Changes in the Attitude and Emotional State. 
Am. J. M. Se. 224: 286 (Sept.), 1952. 

A group of hypertensive patients were studied 
from the viewpoint of their personalities and _re- 
sponses to stressful life situations in correlation with 
symptoms and measurements of circulatory function. 
Among the latter observations were included cardiac 
output and peripheral resistance using the Nicker- 
son-type ballistocardiograph, the Master exercise 
tolerance test in 20 patients and measurements of 
renal blood flow and glomerular filtration rates in 
two patients. 

The exercise tolerance test during relaxation in 
both hypertensives and normal controls produced a 
slight elevation of mean blood pressure and sliglit 
lowering of peripheral resistance. Following tle 
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scussion of stressful life situations both groups 
s! owed an increase in cardiac output, rise in blood 
essure and a fall in peripheral resistance. The 
: pertensive patients manifested a greater rise in 
ood pressure especially when the reaction was 
- aracterized by restraint and resentment indicating 
greater vasoconstrictor response in this group. 
‘ne effect upon renal hemodynamics was to lower 
nal blood flow and glomerular filtration during 
ie period of blood pressure elevation presumably 
cause of constriction of the efferent glomerular 
arteriole. In sympathectomized hypertensive pa- 
ents, the responses to stressful interviews was 
modified but not profoundly affected. When the reac- 
tion to the interview was one of defeat and resigna- 
tion, a hypotensive response may be observed. 
Ilowever, in general, it may be stated that the 
hypertensive displays a greater vasoconstrictor re- 
sponse to stress than does the normotensive. 
SHUMAN 


RHEUMATIC FEVER 


Biérck, G., Winblad, S., and Wulff, H. B.: Studies 
in Mitral Stenosis. II. Observations on Incidence 
of Active Rheumatic Carditis in Left Auricular 
Appendages Resected at Operation for Mitral 
Stenosis. Am. Heart J. 44: 325 (Sept.), 1952. 
The erythrocyte sedimentation rate, the blood 

culture, the antistreptolysin titer, and the agglutina- 

tion of sensitized erythrocytes were determined on 18 

patients with mitral stenosis accepted for surgical 

intervention in order to disclose possible rheumatic 
activity or subacute bacterial endocarditis. Rheu- 
matie activity was also judged from a detailed his- 
tory, physical examination, temperature chart and 
electrocardiogram. These 18 patients were considered 
to have no demonstrable active rheumatic process 
preoperatively and at operation the diagnosis of a 
mitral valvular lesion was confirmed in all instances 
at which time specimens of the left auricular ap- 
pendage were removed for microscopic study. 
From a pathologic-anatomic point of view the 
patient fell into four groups: (1) typical subendo- 
cardial rheumatic endocarditis with Aschoff-granu- 
loma (six eases); (2) lymphocytic endocarditis (four 
cuses); (3) endocardial thrombosis, and organization 
of such thrombi, including endocardial fibrous thick- 
ng (eight cases); (4) no pathologic findings in 
‘ocardium or myocardium (one case). Autopsies 
e obtained in four patients who died at varying 
es subsequent to the operation and the findings 
e completely in agreement with those at biopsy. 
‘he authors conclude that rheumatic endocar- 
i's can be present in spite of negative clinical 
ngs and Jaboratory tests and, on the other 
| pathologic sedimentation rate or antistrep- 
sin titers alone can not be regarded as positive 
‘ence of activity. Therefore, if persisting rheu- 

1 lie activity is to be regarded as an unfavorable 

co dition for surgery, one positive test is not 


enough to advise against operations, but with two 
positive tests the patient must be carefully recon- 
sidered before action is taken. 


RINZLER 


ROENTGENOLOGY 


Larsson, H., and Palmlov, A.: Abdominal Aortog- 

raphy. Acta radiol. 38: 111 (Aug.), 1952. 

The authors discuss the toxic effects of abdominal 
aortography upon rabbits and in man. In rabbits the 
general toxicity of a 70 per cent concentration of 
the contrast medium is low, and the lethal dose much 
greater than that generally used in man. 

Fifty-nine cases are reviewed with special refer- 
ence to toxicity of the contrast substance. Renal 
studies including urea clearances, microscopic ex- 
aminations and concentration tests show no sig- 
nificant change after the procedure. 

The authors conclude that the complications are 
not due to the contrast substance but to the 
puncture itself. 

SCHWEDEL 


Bruwer, A., and Pugh, D. G.: A Neglected Roent- 
genologic Sign of Coarctation of the Aorta. Proc. 
Staff Meet., Mayo Clinic 27: 377 (Sept.), 1952. 
Rib notching is still the most important roent- 

genologic sign of coarctation of the aorta. In about 

a third of the cases of coarctation of the aorta in 

which operation was performed at the Mayo Clinic, 

another valuable sign was present on the postero- 
anterior roentgenogram. This consisted of a notch 
in the left border of the descending aorta just above 
the level of the left main pulmonary artery. This 
notch represents the coarctated segment. It may be 
present to a markedly varying degree, depending on 

a number of factors. In about 5 per cent of cases, 

the notch was the only definite roentgenographic 

sign of coarctation in the posteroanterior roent- 
genogram. 
SIMON 


OTHER SUBJECTS 


Clark, R. J., Sprague, H. B., and Thorndike, A.: 
The Cardiac Work Classification Unit. New Eng- 
land J. Med. 247: 290 (Aug. 21), 1952. 

A work classification unit for cardiac patients has 
been established in the Bay State Medical Rehabili- 
tation Clinic located within the grounds of the Mas- 
sachusetts General Hospital. This clinic is intended 
to furnish a consulting service, to carry on research 
in the field of fitness for work and to further educa- 
tion of all those concerned with the utilization of 
workers with cardiac handicaps in industry. Re- 
ferring agencies, private industry and insurance 
companies are expected to stand the cost of evalua- 
tion when possible although the Massachusetts 
Heart Association is underwriting the initial finan- 
cial support. Careful evaluation of each patient by 
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a team of specialists is planned. No treatment will be 
outlined other than occupational therapy or in- 
formal psychotherapy. 

ROSENBAUM 


Stein, P.: Tendency toward Hypotension in Left 
Lateral Recumbency. Arch. Int. Med. 90: 234 
(Aug.), 1952. . 

The present report concerns the results of a study 
on 100 unselected persons in whom the influence of 
various positions upon the arterial blood pressure 
was observed. The statistical results reveal that the 
great majority had their lowest arterial blood pres- 
sure in the left lateral position. It is noteworthy 
that in certain persons a small difference in the 
degree of the body’s rotation to the left side may 
significantly influence the level of the blood pressure. 

Among the causative mechanisms which may bear 
some relation to the phenomenon of left lateral 
hypotension, a twist of the heart’s pedicle at its 
entrance into the pericardium would be a factor if 
certain conditions prevail. Vasovagal reflexes of 
the type known to produce fall in blood pressure 
and shock would more readily occur in diseased and 
hypersensitive hearts. The resulting hypotension, 
reducing the coronary circulation significantly, 
would then explain the frequent appearance of 
anginal pain and dyspnea in patients with coronary 
disease whenever they rest on their left side. Other 
vagal reflexes will also have to be considered, espe- 
cially reflexes produced by distention due to posi- 
tional effects of an abdominal viscus, or by stimula- 
tion of the pressor-receptors in the aorta, pulmonary 
artery, and the carotid sinus. In addition, changes 
in the intrathoracic pressure, in the venous return, 
and in ventilatory and respiratory, as well as in 
neuroregulatory, factors and the element of vascular 
reactivity may play essential roles in creating a 
tendency to left lateral hypotension. 

It appears that not one single causative factor, 
but rather a concatenation or combination of factors 
takes effect in the production of left lateral hypoten- 
sion and its serious complications. 

BERNSTEIN 


Keys, A. Fidanza, F., Scardi, V., and Bergami, G.: 
The Trend of Serum-Cholesterol Levels with 
Age. Lancet 2: 209 (Aug. 2), 1952. 

Comparison is made (using identical technics) 
between age trends of serum cholesterol in men in 
Minnesota and those in a comparable group in 
Naples. Both groups showed a progressive rise to the 
age of 30 to 35 years. At that point a change in 
slope of the cholesterol-age curve occurred. The 
Minnesota men showed a more rapid increase in 
serum cholesterol thereafter. The Neapolitans 
showed no further increase in serum cholesterol 
after the age of 30 to 35 years. The authors believe 
this difference is related to differences in fat content 
of the habitual diets of the two groups and that it 


may account for the apparent lower incidence of 
coronary artery disease in Neapolitans of the socio- 
economic stratum studied. 

McKvusick 


Benjamin, J. E., and White, P. D.: Longevity with 
Complete Atrioventricular Block. J.A.M.A. 149: 
1549 (Aug. 23), 1952. 

Two cases of complete atrioventricular bloc‘, 
lasting for 35 years or more, are reported. Que 
patient, in her late fifties, died suddenly last yesr. 
Autopsy diagnosis was that of dilatation and hyper- 
trophy of the heart, generalized arterioscleros:s, 
ascending aortic aneurysm of the arteriosclerotic 
type, diminutive left atrial appendage and a greatly 
enlarged right atrial appendage, a vestige of the let 
circumflex coronary artery, a 15 mm. area of caleiii- 
cation of the interatrial septum on the left side, aud 
evidences of congestive failure. The other patient, at 
the age of 58, is living and well as of June, 1952. 
Both patients continued in very good health for 
more than 35 years, which illustrates the fact that 
complete atrioventricular block is compatible with 
long life and good health. 

KITCHELL 


Rantz, L. A., Di Caprio, J. M., and Randall, E.: 
Antistreptolysin O and Antihyaluronidase Titers 
in Health and in Various Diseases. Am. J. M. 
Se. 224: 194 (Aug.), 1952. 

Antistreptolysin and antihyaluronidase are anti- 
bodies produced by the individual exposed to the 
enzymatic factors found in infections with hemolytic 
streptococci. The antibody titers reached their 
physiologic peaks in late childhood and then de- 
clined; however, the decrease of antihyaluronidase 
titer in the older groups was less than antistreptoly- 
sin. In rheumatic fever, the latter antibody was 
found to be elevated to 166 units per cubic centi- 
meter or more in all cases, while the antihyaluron- 
idase titers were inconsistent, although elevated in 
most instances. In acute glomerulonephritis, the 
findings were of the same order as in rheumatic 
fever. In addition, elevated titers of antistreptolysin 
were detected in some cases of rheumatoid arthritis, 
Henoch-Schonlein’s purpura, erythema nodosum, 
and periarteritis nodosa. Exceedingly low titers were 
consistently encountered in cases of nephrotic 
syndrome. It is suggested that antibody titers of 500 
units or more per cubic centimeter are indicative of 
recent streptococcal infection. 

SHUMAN 


Goggio, Alfred F.: Heart Disease in University 
Students. Ann. Int. Med. 37: 155 (July), 1952. 
Among 11,096 entering students at the Univer- 

sity of California, 378 or 3.41 per cent were sus- 

pected to have heart disease on the basis of the 
history and/or physical examination. On the basis 
of a more detailed cardiovascular study, unquesticn- 
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able heart disease was found in 0.38 per cent, of 
which 0.27 per cent had rheumatic heart disease 
and 0.11 per cent had congenital heart disease. There 

ere, in addition, 0.23 per cent diagnosed as possible 


V 

heart disease. The incidence of proved rheumatic 
heart disease was considerably lower among students 
Lorn in California than in those born elsewhere. An 
icidence of rheumatic heart disease of only 0.12 
per cent was found among those born within the 
siate. Aortic insufficiency was found to be a rela- 
tively more frequent and important manifestation 
of rheumatic heart disease than is generally realized. 

WENDKOS 


Hardy, J. D., and Drabkin, D. L.: Measurement of 
Body Water. J.A.M.A. 149: 1113 (July 19), 1952. 
The several types of measurements that may be 

employed for the determination of total body water 

are outlined. Information derived from body water 
measurements in regard to body water and body 
fat, as well as body fluid compartments are discussed. 

The authors feel that deuterium oxide (heavy water) 

appears to be an excellent tracer substance for water 

and makes possible a more critical examination of 
rates of water turnover in the body and rates of 
transfer of water across various cell membranes. 

The authors feel the use of isotopes will extend 

knowledge of body fluid compartments and of water 

kinetics in the human body. 
KITCHELL 


Schneider, R. C.: Fat Embolism. A Problem in the 
Differential Diagnosis of Craniocerebral Trauma. 
J. Neurosurg. 9: 1 (Jan.), 1952. 

The occurrence of fat embolism to the cerebrum 
in patients with fractures of the long bones and 
possible head injury makes the differential diagnosis 
of the head lesion quite difficult. Three cases were 
observed in which the fat embolism secondary to 
long bone fracture simulated extradural hemorrhage, 
subdural hematoma, and midbrain injury respec- 
tively. (That fat embolism had occurred was demon- 
strated by the finding of fat droplets in the urine, 
eveground changes, or necropsy.) 

The diagnosis of this entity may rest upon: (1) 
a history of trauma to the long bones or to the 
adipose tissue, most often major fractures or crush- 
ing injuries; (2) increased pulse rate and fall in blood 
pressure; (3) increased respiratory rate, cough, and 
rales; (4) cerebral symptoms of diffuse nature and, 
pe haps, coma; (5) the finding of free fat droplets 
in the sputum; (6) the demonstration of free fat 
droplets in the urine; (7) evidence of fat in the cir- 
cul ting blood by funduscopie examination; (8) the 
fi ng of fat droplets in the venous blood; (9) the 

«-venee of petechial hemorrhages of the skin and 

unctiva occurring several days after the injury. 

‘wo of the cases here reported, the fat was found 

in the urine, and in the third, it was found in 
brain at necropsy. 


There is some controversy as to the origin of the 
fat droplets. It has been felt that they arise from the 
fat in the marrow of the long bones and make their 
way to the brain via the circulation. It is not clear 
how they could pass the pulmonary capillary barrier 
unless there existed concomitant pulmonary damage. 
Some authors feel that the fat can traverse normal 
pulmonary capillaries; others postulate the presence 
of a patent foramen ovale. The role of vertebral 
veins has been emphasized by Batson as a route 
for cerebral metastases and emboli. 

FROBESE 


Master, A. M.: The Frequency of Functional Heart 
Disturbances. J.A.M.A. 150: 195 (Sept. 20), 1952. 
A study was made of 1000 consecutive private 

cardiac patients. Each had a physical examination, 

fluoroscopy, chest teleoroentgenogram, and a 12- 

lead electrocardiogram. If the 12-lead rest electro- 

cardiogram was normal, the standard “two-step” 
exercise test was performed. If this was negative, the 
double “two-step” exercise electrocardiogram was 
taken. It was found that 618 patients suffered from 
organic heart disease and 382 from functional heart 
disturbances. The present report is made up of the 
group of 382 patients. It is suggested that heart 
conditions in patients who show no organic lesion 
should be termed “functional disturbance’’ rather 
than “functional disease.” Of the 382 patients a 
ratio of three males to one female was noted. The 
majority were under 50 years of age. Pain or pres- 
sure in the chest was the most common symptom, 
and in general was very similar to such complaints 
encountered in organic heart disease. Fifty patients 
showed paroxysmal tachycardia, 18 showed pre- 
mature beats. Neurocirculatory asthenia was noted 
in 48, anxiety neurosis in 13, hypertension in 17, and 
murmurs in 12. Chest pain was complained of in 42 
per cent of the patients with paroxysmal tachycardia 
and 60 per cent of the patients with either neuro- 
circulatory asthenia or anxiety neurosis. The hyper- 
tension found was usually very mild. The functional 
murmurs were all systolic in time and in no instance 
was a grade 3 murmur found. The author stresses 
that the frequency and magnitude of the problem 
of functional heart disturbances needs emphasis. The 
therapy of these cases is often unsuccessful but recog- 
nition of their frequent occurrence may lead to 
extensive research into the causes and to the dis- 
covery of methods for prophylaxis and treatment. 
KiTcHELL 


De Soldati, L., Navarro Viola, R., and Mejia, R. H.: 
The Ballistocardiogram in Some Valvular Lesions 
and Congenital Malformations. Arch. mal. coeur 
45: 1016 (Nov.), 1952. 

The authors describe and illustrate alterations of 
the ballistocardiogram found in certain types of 
rheumatic and congenital heart disease. 

In mitral stenosis a diphasic H wave, a high L 
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wave and a deep M wave can usually be found. 
Aortic regurgitation, if present as isolated lesion, 
increases the amplitude of the J-K deflection but 
does not alter the ballistocardiogram if associated 
with mitral stenosis. In coarctation of the aorta the 
K wave is shortened and the I wave very deep. 
Both waves may become normal following surgical 
correction of the lesion. In a patent ductus arteriosus, 
a general enlargement of the amplitudes is found 
with augmentation of K and L deflections. The 
latter two large waves are also present in bicuspid 
aortic valves where the N wave is also large, but the 
over-all amplitudes not increased. No alterations 
were seen which would be typical for Lutembacher’s 
syndrome. 
Pick 


Berner, J. H., Jr.: Orthostatic Hypotension in 
Diabetes Mellitus. Acta med. scandinav. 143: 336, 
1952. 

A group of seven patients with severe diabetes 
mellitus and orthostatic hypotension is described. 
The ages ranged from 29 to 37 years with the excep- 
tion of one patient aged 72 years. All had long- 
standing diabetes. Other abnormalities included 
retinopathy, nephropathy and neuropathy in nearly 
all of the group and abnormal bowel or bladder 
function in several of the patients. In these patients 
there was a distinct fall in both systolic and diastolic 
blood pressure on standing with no or only a slight 
increase in the pulse rate. The postural hypotension 
is attributed to damage to the autonomic nervous 
system. 

RosENBAUM 


Turchetti, A., and Schiroza, G.: Essential Pulmonary 
Hypertension and its Phases of Evolution. Cardi- 
ologia 21: 129 (Fase. 3), 1952. 

Following discussion of some divergent opinions 
concerning the pathogenesis of pulmonary vascular 
sclerosis and differences in terminology used for 
various cardiopulmonary syndromes the authors 
develop their own concept of primary pulmonary 
hypertension as etiologic factor. In the development 
of the disease three clinical stages may be observed. 

As in the case of essential hypertension of the 
systemic circulation an initial, purely functional 
phase occurs in pulmonary hypertension. It is charac- 
terized by pressure elevation in the right ventricle 
and pulmonary artery—revealed by cardiac cathe- 
terization—in the absence of signs of right ventricu- 
lar hypertrophy. The latter, in association with more 
or less pronounced sclerotic changes in the pulmo- 
nary arterial bed, is characteristic of the second 
“organic” stage of the disease. With further evolu- 


tion and the onset of right ventricular failure th« 
third, last, stage of the syndrome is reached in 
which some or all signs typical for chronic cor pul 
monale may become obscured by the polymorphous 
symptomatology of heart failure in general. 

The various phases of evolution are illustrated by 
two case histories. In the first instance the functiona! 
phase was observed in a 22 year old girl; in the other 
a 57 year old woman, the development was followed 
over several years from the second organic phase t« 
that of cardiopulmonary insufficiency. 

Pick 


Samuelsson, S.: Primary Cor Pulmonale. Chronic 
Cor Pulmonale Resulting from Pulmonary Hyper 
tension of Unknown Etiology. Review of Litera- 
ture. Report of 4 Cases. Acta med. scandinav. 142 
177, 1952. 

The author has selected 24 cases from approxi 
mately 120 which have been reported as instances 0 
primary pulmonary vascular sclerosis. It is pointed 
out that in the remaining cases which are not ac 
cepted, there are many in which there is only mino: 
pulmonary emphysema, pleuritis or inflammatory 
change in the pulmonary vessels. The diagnosis of 
primary cor pulmonale should be considered when- 
ever a relatively young person develops dyspnea, 
cyanosis and edema, radiographic and electrocardio- 
graphic evidence of strain upon the right heart, and 
accentuation of the pulmonic second sound. Cyanosis 
is often relatively greater in degree than dyspnea 
and many of these patients are able to lie flat with- 
out discomfort. The prognosis is serious and in the 
13 cases in which duration of symptoms is reported 
death occurred in four months to six years. Ordinary 
sardiac therapy is of little help and morphine is said 
to be absolutely contraindicated. 

Four new cases are reported by the author. Symp- 
toms had been 1 to 10 years prior to death. The 
electrocardiograms are said to show evidence of 
right heart strain in each case and in one patient 
right bundle branch block appeared in tracings made 
after exercise. Two of the patients received morphine 
by injection; one patient died after 24 hours without 
regaining consciousness and the other recovered 
only after vigorous oxygen and supportive treatment. 
Cardiac catheterization in one case disclosed a right 
ventricular pressure three times greater than normal 
and increased pressure in both pulmonary arteries. 
In two cases, microscopic examination disclosed 
some atheromatosis in the major pulmonary arterial 
branches, but the small branches of the pulmonary 
artery were normal. No microscopic examination 
was done in the third case and no autopsy was done 
on the fourth patient. 

ROsENBAUM 





BOOKS RECEIVED 


CIRCULATION is very glad to acknowledge the receipt of the following books. Insofar as space per- 
mits, as many appropriate books as possible will te reviewed. 


Publicaciones del Centro de Investigaciones Fisio- 
logicas. Buenos Aires, University of Buenos Aires. 
1951. 259 pages. 

P-Q-R-S-T. A Guide to Electrocardiogram Inter- 
pretation. Joseph E. F. Risemen, M.D. Clinical 
Associate of Medicine, Harvard Medical School; 
Instructor in Medicine, Tufts Medical School; V isit- 
ing Physician, Beth Israel Hospital, Boston, Mass., 
ed. 3. New York, Macmillan, 1952. 123 pages, 
50 figures. $4.00. 

The Principles and Methods of Physical Diagnosis. 
Correlation of Physical Signs with Physiologic 
and Pathologic Changes in Disease. Simon S. 
Leopold, M.D., Associate Professor of Clinical 
Medicine, School of Medicine and Graduate Schocl 
of Medicine, University of Pennsylvania; Director 
of Teaching of Physical Diagnosis, School of Medi- 
cine; Chief of Thoracic Clinic, Hospital of the 
University of Pennsylvania. Philadelphia, Saunders 
1952. 430 pages, 390 illustrations with 19 color 
pages. 

Lehrbuch der Inneren Medizin. 2. Verbesserte 
Auflage. Edited by Helmut Dennig, Stuttgart; M. 
Broglic, Schlswig; H. Dennig, Stuttgart; K. Hansen 
und W. Gronemeyer, Liibeck; N. Henning, Wurz- 
burg; A. Heymer, Essen; H. Reinwein, Kiel; F. 
Shellong, Miinster; G. Schaltenbrand, Wurzburg; 
H. Schulten, Kéin. Stuttgart, Thieme, 1952. Vol. 
I, XVI. 972 pages, 243 figures. DM 41. Vol. II. 
XXIV. 1060 pages, 314 figures. DM 41. 

The Unipolar Electrocardiogram. A Clinical Inter- 
pretation. Joseph M. Barker, M.D. Cardiologist, 
Yater Clinic; Associate Professor of Clinical Medi- 
cine and Special Lecturer in Physiology, Georgetown 
University School of Medicine; Director, Heart 
Station and Visiting Physician, Georgetown Uni- 
versity Hospital; Chief, Cardiology, Providence Hos- 
pital; Visiting F hysician, Gallinger Municipal Hos- 
pital, Washington, D. C.; Consulting Cardiologist, 
{rlington Hospital, Arlington, Virginia. Assisted by 
Joseph J. Wallace and Advised by Wallace M. 
Yater. Foreword by Frank N. Wilson. New York, 
\ppleton-Century-Crofts, 1952. 655 pages, 457 
izures. 

‘vances in Medicine and Surgery. From the 

‘raduate School of Medicine of the University of 
Pennsylvania. Editorial Committee: Julius H. 
‘‘omroe, Jr., Chairman; David L. Drabkin, Oscar 
‘. Batson, Aims C. McGuinness, Dean. Phila- 
lelphia, Saunders, 1952. 441 pages, 43 figures, 
8 tables. 

tmal Blood Pressure and Hypertension. New 


Definitions. Arthur M. Master, M.D., Charles I. 
Garfield, M.D., and Max B. Walters, M.D., Phila- 
delphia, Lea & Febiger, 1952. 144 pages, 36 figures, 
25 tables. $4.00. 

Angiocardiographie et Cathétérisme Cardiaque. 
Etude critique de leur apport au diagnostic des 
Cardiopathies Congénitales. Docteur Pol. Cahen, 
Chef de Clinique a la Faculte de Medecine de Lyon, 
France. Preface by Prof. Henri Hermann and 
Introduction by Prof. Ignacio Chavez. Paris, G. 
Doin et Cie, 1952. 188 pages, 41 figures, 5 tables. 

A Clinical Atlas of Blood Diseases, ed. 7. A. Piney, 
M.D., M.R.C.P., Physician, St. Mary’s Hospital, 
Plaistow, London. Philadelphia, Blakiston, 1952. 
136 pages, 47 figures, 45 figures in color. $5.00. 

The Autonomic Nervous System. Anatomy, Physi- 
ology and Surgical Application, ed. 3. James C. 
White, M.D., Massachusetts General Hospital, Bos- 
ton; Reginald H. Smithwick, M.D., Boston; and 
Fiorindo A. Simeone, M.D., Cleveland. New York, 
Maemillan, 1952. 569 pages, 108 figures, 39 tables. 
$12.00. 

Cardiac Therapy. Harold J. Stewart, M.D., Associate 
Professor of Medicine, Cornell University Medical 
College, New York; Attending Physician, New York 
Hospital; Head of Division. of.Cardiology, Depart- 
ment of Medicine New York Hospital, Cornell 
Medical Center. New York, Paul B. Hoeber, 1952. 
622 pages, 68 figures, 11 tables. $10.00 

Il Cuore Artificiale (The Artificial Heart). E. Tosattz. 
Milan, Istituto Sierotera, 1951. 151 pages, 88 
illustrations. 

Atti della Societa Italiana di Cardiologia. XIII Con- 
gresso (1951). Folia Cardiologica, Vol. X, 1952. 
Diabetic Glomerulosclerosis. The Specific Renal 
Disease of Diabetes Mellitus. Harold Rifkin, 
M.D., Louis Leiter, M.D., Fh.D., and James Berk- 
man, M.D. Springfield, Ill., Charles C Thomas, 
1952. American Lecture Series in Metabolism No. 

130. 102 pages. 13 figures, 12 tables. $3.50. 

Deformation and Flow in Biological Systems. Edited 
by A. Frey-Wyssling, Professor of Plant Physiology, 
Swiss Federal Institute of Technology, Zurich. Am- 
sterdam, North-Holland Publishing Company, 
and New York, Interscience Publishers, 1952. 
552 pages, 107 figures, 19 tables. $11.50. 

Rheumatische Erkrankungen. Entstehung und 
Behandlung. Professor Dr. Max Hochrein, Chefarat 
der Medizinischen Klinik, Ludwigshafen/Rhein. 
Stuttgart, Thieme, 1952. 416 pages, 121 figures. 
Ganzleinen DM36. 

Acute Peripheral Arterial Occlusion. William D. 
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Holden, M.D., Oliver H. Payne Professor of Sur- 
gery, Western Reserve University, School of Medi- 
cine; Director of Surgery, University Hospitals of 
Cleveland, Cleveland, Ohio. Springfield, Ill., Charles 
C Thomas, 1952. American Lecture Series in Cir- 
culation No. 141. 66 pages, 2 figures. 

Le Derivazioni Unipolari Nell’Elettrocardiografia 
Clinica. Giovanni Gigli, University of Piza. Pisa, 
Edizion, Omnia Medica, 1952. 260 pages, 148 
figures. Prezzo L. 2.000. 

Grundriss der Elektrokymographie. Phasenanalyse 
und Raumkymographie des Herzens. Priv.- Doz. 
Dr. K. Heckmann, Miinchen. Stuttgart, Thieme, 
1952. 36 pages, 54 figures. Kart. DM 6.60. 

Electrocardiography in Practice, ed. 3. Ashton Gray- 
biel, M.D., Captain, Medical Corps, U. S. Navy; 
Director of Research, U.S. Naval School of Aviation 
Medicine, Pensacola, Florida; Paul D. White, M.D., 
Executive Director, National Advisory Heart Coun- 
cil; Consultant in Medicine, Massachusetts General 
Hospital; Louise Wheeler, A.M., Executive Secre- 
tary, Cardiac Laboratory, Massachusetts General 
Hospital; and Conger Williams, M.D., Instructor 
in Medicine, Harvard Medical School; Associate 
Physician, Massachusetts General Hospital. Phila- 
delphia, Saunders, 1952. 378 pages, 294 figures. 
$10.00. 

Cardiographic Technique. A Manual for Cardiologi- 
cal Technicians. S. L. Barron, Member, Royal 
Institution of Great Britain; and A. Schott, M.D., 
(Heidelberg) M.R.C.S.; Medical Officer in charge 
of Cardiographic Department, Queen Mary’s Hos- 
pital for the East End (London). New York, Grune 
& Stratton, 1952. 166 pages, 59 figures. $4.50. 

Die Angiographie zur Erkennung, Behandlung und 
Begutachtung peripherer Durchblutungsstér- 
ungen. Dr. Med. Habil H.W. Passler, Leverkusen. 
Stuttgart, Thieme, 1952. 115 pages, 102 figures. 
Kart. DM 29.70. 

Congenital Anomalies of the Heart and Great 
Vessels. Maurice A. Schnitker, M.D., F.A.C.P.., 
Lt. Col., U. S. Army, Medical Consultant, Pacific 
Theater, World War II; Director of Medicine, St. 
Vincent’s Hospital; Senior Active Staff, Toledo 
Hospital and Maumee Valley Hospital; Consulting 
Staff, St. Luke’s Hospitals and Toledo State Hos- 
pital. New York, Oxford University Press, 1952. 
306 pages, 19 figures, 12 tables. $8.00. 

Blood Clotting and Allied Problems. Transactions of 
Fifth Conference, January 21 and 22, 1952, New 
York. Edited by Joseph E. Flynn, M.D., Associate 
Professor of Pathology, College of Physicians and 
Surgeons, Columbia University, New York. Spon- 
sored by Josiah Macy, Jr., Foundation, New York. 
Printed by Corlies, Macy and Company, Inc., 
New York, 1952. 368 pages, 148 figures, 25 tables. 
$4.95. 

Congenital Heart Disease. The Clinico-Roent- 
genologic Picture after the Age of Two Years 
Based Upon about 200 Cases with Cardiac Cathe- 


terization. Henning G¢tzche, Denmark. Publishe 
by the author and printed by H. P. Hansen 
Bogtrykkeri, Copenhagen, Denmark, 1952. 25 
pages, 49 figures, 53 tables. Danish Kroner 25. 

Practical Blood Grouping Methods. A Manual o 
Immunohematology. Robert L. Wall, M.D., D: 
partment of Research Medicine, The Ohio Stat 
University Hospital, Columbus, Ohio. Springfield 
Ill., Charles C Thomas, 1952. American Lectur 
Series in Hematology, No. 122. 175 pages. $5.00 

Clinical Electrocardiography. A Textbook for Prac- 
titioners and Students. Dr. Max Holzmann 
Zurich. Translated by Douglas Robertson, M.A 
D.M. (Oxon.), M.R.S.P. (London). New York 
London, Staples Press, 1952. 647 pages, 30 
figures, 9 tables. $12.00. 

Unipolar Lead Electrocardiography and Vectorcardi- 
ography. Including the Standard, the aV and V 
Leads, the Cardiac Arrhythmias and the Principles 
of Vectorcardiography, ed. 3. Emanual Goldberge: 
M.D., F.A.C.P., Associate Attending Physician 
Montefiore Hospital, New York; Cardiologist ani 
Attending Physician, Lincoln Hospital, New York, 
Consulting Cardiologist, St. Joseph’s Hospital, Yon 
kers, New York; Lecturer in Medicine, Columbia 
University, New York. Philadelphia, Lea & 
Febiger, 1953. 601 pages, 312 figures. $10.00. 

Verhandlungen der Deutschen Gesellschaft fiir 
Kreislaufforschung. 18. Tagung zu Bad Nauheim 
Vom 18. bis 20, April 1952. Hauptthema. Elektro- 
kardiogramm. Prof. Dr. Rudolf Thauer. Darm- 
stadt, Verlag Dr. Dietrich Steinkopff, 1952. 334 
pages, 150 figures. DM 40. 

Physiologic Therapy for Obstructive Vascular Dis- 
ease. Isaac Starr, M.D., Hartzell Research Pro- 
fessor of Therapeutics, School of Medicine, Uni- 
versity of Pennsylvania, Philadelphia, Pa. Modern 
Medical Monographs No. 6. New York, Grune «& 
Stratton, 1953. 38 pages, 4 figures, 3 tables. $2.50. 

Infectious Mononucleosis. Sidney Leibowitz, M.D., 
Associate Physician, Beth Israel Hospital, New 
York. Modern Medical Monographs No. 5. Grune 
& Stratton, Inc., New York, 1953. 163 pages, 3 
figures, 15 tables. $4.75. 

Pheochromocytoma and the General Practitioner. 
Joseph L. DeCourcy, M.D., and Cornelius B. 
DeCourcy, M.D., DeCourcy Clinic, Cincinnati, 
Ohio. Copyrighted 1952 by Barclay Newman. 
165 pages. 

1953 Medical Progress. A Review of Medical Ad- 
vances during 1952. Hdited by Morris Fishbein, 
M.D. New York, Blakiston, 1953. 301 pages, 5 
tables. $5.00. 

Eléments D’Electrocardiographie Théorique. (. 
Duboucher. Paris, Masson & Cie, 1952. 126 pages, 
50 figures. 900 fr. 

Bodily Physiology in Mental and Emotional Dis- 
orders. Mark D. Altschule, M.D., Assistant Prv- 
fessor of Medicine, Harvard Medical School, Bostov ; 
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Director, Internal Medicine and of Research in 
Clinical Physiology, McLean Hospital, Waverly; 
Visiting Physician, Beth Israel Hospital, Boston. 
New York, Grune & Stratton, 1953. 228 pages. 
$5.75. 

Pathology of the Heart. Edited by S. E. Gould, M.D., 
D.Sc., Clinical Professor of Pathology, Wayne Uni- 


versity College of Medicine, Detroit; Pathologist, 
Wayne County General Hospital, Eloise; Con- 
sultant in Pathology, Veterans Administration Hos- 
pital, Dearborn, Mich.; Editor, American Journal 
of Clinical Pathology. Springfield, Ill., Charles C 
Thomas, 1953. 1023 pages, 609 figures, 6 full color 
plates, 37 tables. $25.50. 
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ASSOCIATION FELLOWSHIPS AND GRANTS 
Applications for Research Fellowships and Established Investigatorships for the 1954— 
55 fiscal year must be received by Sept. 15, 1953. Applications for research grants-in-aid 
may be filed up to Dee. 1, 1953. Information and forms may be obtained from the Asso- 


ciation’s Medical Director. 


Awards will be made from funds raised in the 1953 Heart Fund campaign by the 
American Heart Association and its affiliates throughout the nation. 


RESEARCH GRANTS-IN-AID 
APPROVED 


fighty-nine grants-in-aid in the total amount 
of $473,930.59 for research studies have been 
approved by the Board of Directors upon 
recommendation of the Research Committee 
of the Scientific Council. The awards, which 
are for the 1953-54 fiscal year, are in addition 
to the Established Investigatorships and Re- 
search Fellowships announced in the May issue 
of CIRCULATION. 

The awards follow: 


Continued Grant Awards 


Medical College of Georgia, Augusta, $4,462.50 
fo the study of the comparative effects of the 
a enolytic agents on the cardiovascular system of 
tl. dog when administered in the presence of hu- 
moral or neurogenic hypertension, by Raymond P. 
A lquist. 

Hahnemann Medical College and Hospital, Phila- 
di iphia, $5,250 for the investigation of the cardio- 
v: scular and respiratory dynamics in patients with 


valvular deformities before and after surgery, by 
Charles P. Bailey. 

University of Pennsylvania Graduate School of 
Medicine, Philadelphia, $6,300 for the measurement 
of the work of breathing and pulmonary function in 
patients with dyspnea, by Julius H. Comroe. 

American University of Beirut, Beirut, Lebanon, 
$4,725 for the effect of Krebs cycle inhibitors on the 
performance and metabolism of the isolated mam- 
malian heart and the effect of cortical hormones on 
the salt and water excretion in a heart-lung-kidney 
preparation, by George Fawaz. 

Mary Imogene Bassett Hospital, Cooperstown, 
N. Y., $7,140 for a correlation of the morphologic 
and metabolic aspects of cell damage, by Joseph W. 
Ferrebee. 

Emory University School of Medicine, Atlanta, 
$5,250 for the study of the nature of the vascular 
response to sodium restriction, by Eugene B. Ferris 
and Albert A. Brust. 

Georgetown University School of Medicine, Wash- 
ington, D. C., $5,250 for hemodynamic studies in 
dogs using a variable heart pump permitting inde- 
pendent control of rate, output and ejection ve- 
locity, by Edward D. Freis. 

Washington University School of Medicine, St. 
Louis, $5,250 for the study of metabolic factors in 
experimental heart failure, by Robert F. Furchgott. 
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University of Minnesota Medical School, Minne- 
apolis, $6,825 for the investigation of etiologic and 
pathogenic mechanisms in rheumatic fever as re- 
vealed through studies of basic relationships of 
immunologic, endocrinologic, and biochemical events 
to pathologic processes related to those responsible 
for rheumatic disease, by Robert A. Good. 

Bowman Gray School of Medicine of Wake Forest 
College, Winston-Salem, $4,830 to study the nature 
of and the factors leading to the production of the 
vasoconstriction and the vasodilation which develops 
in perfused organs, by Harold D. Green. 

University of Pennsylvania School of Medicine, 
Philadelphia, $10,500 for the study of the biochem- 
ical pathways by which cholesterol and fat are syn- 
thesized and metabolized in the body, the action of 
hormones upon the biosynthesis of cholesterol and 
lipids, by Samuel Gurin. 

University of Utah College of Medicine, Salt 
Lake City, $5,250 for the study of adrenal hormones 
in the blood of patients with rheumatic fever and 
related conditions, by Vincent C. Kelley. 

University of Tennessee College of Medicine, 
Memphis, $2,992.50 for the study of the role of 
ventricular filling in the production of the heart 
sounds with special attention to the etiology of the 
first and third sound, by Robert C. Little. 

Washington University School of Medicine, St. 
Louis, $2,940 for the study of the isolation of specific 
heart proteins which bind cardiac drugs, by Oliver 
H. Lowry. 

University of Pittsburgh School of Public Health, 
Pittsburgh, $8,925 for the study of congestive heart 
failure due to valvular disease upon myocardial 
metabolism in dogs, by Robert E. Olson. 

Council on Rheumatic Fever and Congenital 
Heart Disease, $3,750 for cooperative research study 
of the relative effectiveness of ACTH and cortisone 
in the treatment of rheumatic fever and the preven- 
tion of rheumatic heart disease. David D. Rutstein, 
Chairman. 

University of Wisconsin Medical School, Madison, 
$4,200 for the study of mechanism of pyruvate and 
a-ketoglutarate oxidation in heart muscle, by D. 
Rao Sanadi. 

Harvard Medical School, Boston, $4,200 for 
studies on coronary heart disease, by Monroe J. 
Schlesinger. 

Mount Sinai Hospital, New York, $3,150 for 
evaluation of the role of the kidney in the patho- 
genesis of heart failure, by Jonas H. Sirota. 

Michael Reese Hospital, Chicago, $4,200 for the 
study of factors regulating renal function and elec- 
trolyte metabolism in experimental venous conges- 
tion with edema, by Jeremiah Stamler. 

New England Center Hospital, Boston, $5,250 
for the study of the relation of the endocrine system 
to the blood coagulation mechanism and to the 
pathogenesis of thromboembolism; possibilities of 
employment of fibrinolysin and fibrinolytic sub- 


stances in the treatment of thromboembolism, by 
Mario Stefanini. 

Marine Biological Laboratory, Woods Hole 
Mass., $10,000 for the study of the molecular 
mechanism of muscular contraction by Albert Szent- 
Gyérgyi. 

University of North Carolina School of Medicine, 
Chapel Hill, $9,450 for an evaluation of the Macacus 
Rhesus monkey as an experimental animal for the 
production of atherosclerosis including studies on 
cholesterol metabolism using C™ labeled acetate, by 
C. Bruce Taylor. 

Harvard Medical School, Boston, $4,200 for bio 
chemical comparison of hypertensive and normal 
arteries, with particular attention to the electrolyt« 
and intermediary metabolism, by Louis Tobian, Jr 

Harvard Medical School, Boston, $4,200 fo: 
studies on the relationship of the adrenal to hyper 
tension, by George W. Thorn. 


New Grant Awards 


‘University of Cincinnati College of Medicine, 
Cincinnati, $3,150 for the study of the disappear 
ance of veratrine during exposure to human red 
cells, by George H. Acheson. 

University of Colorado School of Medicine, Den 
ver, $4,252.50 for the study of immunophysiology, 
by Jerry K. Aikawa. 

La Rabida Jackson Park Sanitarium, Chicago, 
$5,376 for the study of the nature and mode of 
action of the substance in testicular extract causing 
increased vascular permeability, by Earl P. Benditt. 

Mary Imogene Bassett Hospital, Cooperstown, 
$5,250 for the study of lung volume restriction as a 
respiratory stimulus in normal subjects and patients 
with cardiorespiratory disease, by James Bordley 
IT. 

Instituto Nacional de Cardiologia, Mexico, $5,000 
for the study of the heart deprived of the normal 
pacemaker with special regard to the relation of the 
sino-atrial node to the mechanism of atrial fibrilla 
tion, by Joseph V. Brumlik. 

Fels Research Institute, Antioch College, Yellow 
Springs, Ohio, $7,728 for further studies with the 
dispersion oxygenator (artificial heart-lung), by L¢ 
land C. Clark. 

Howe Laboratory of Ophthalmology, Harvar: 
Medical School, Boston, $4,725 for the study o 
aging processes as reflected in the cornea, specif 
ically the relation of fat deposition in the cornea t: 
atheroma in the blood vessels, by David G. Cogan. 

Temple University School of Medicine, Philadel 
phia, $4,725 for the preparation and study of an 
giotonase (hypertensinase), by Dean A. Collins. 

State University of Iowa College of Medicin« 
Iowa City, $3,150 for the study of the effects o 
surgical and drug therapy on hepatic and rena 
circulation and function in certain cardiovascula 
disorders, by James W. Culbertson. 

University of Pittsburgh School of Medicin: 
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Vittsburgh, $6,195 for the study of cardiovascular 
«fects of cation and anion depletion by vivo- 
ialysis, by 7. S. Danowskt. 

Wayne University College of Medicine, Detroit, 
‘4,935 for the isolation, chemical proof of structure 

nd pharmacologic examination of the heart poison 
om Pilocereus Sargentianus Orcutt (Lophocereus 
‘hottii), by Carl Djerassi. 

Hospital of the University of Pennsylvania, Phila- 
elphia, $7,875 for the study of the urinary metabo- 
tes of C-21 cortical steroids determined by paper 

‘hromatographic methods, by F. Curtis Dohan. 

University of Southern California School of Medi- 

‘ine, Los Angeles, $4,725 for the study of hereditary 
nd environmental factors in hypertension, by Doug- 
is R. Drury. 

Faculty of Medicine, McGill University, Mon- 
treal, $6,819.75 for the study of chemical analyses 
of the aorta and tissue lipids during the earliest 
stages of the development of experimental athero- 
sclerosis: their correlation with histochemical ob- 
servations, by G. Lyman Duff. 

Indiana University School of Medicine, Bloom- 
ington, $9,607.50 for the study of immunochemical 
and physical analysis of the time of appearance, 
distribution mechanism of synthesis and interaction 
of the contractile proteins, actin and myosin, in the 
morphogenesis of the heart, by James D. Ebert. 

University of California Medical School, San 
Francisco, $7,708.05 for the study of distribution, 
penetration and rates of exchange of sodium, potas- 
sium and water in the gastro-intestinal tract, meas- 
ured with Na*, K*, and D.O, by Isidore S. Edelman. 

Hospital of the University of Pennsylvania, Phila- 
delphia, $4,058.25 for studies on the supraoptico- 
hypophyseal system in the normal dog pertaining to 
volume regulation; an effort to provide at least a 
partial explanation of certain phenomena observed 
in markedly edematous patients with heart disease, 
by J. Russell Elkinton. 

State University Medical Center at Syracuse 
University School of Medicine, Syracuse, New York, 
$4,158 for the study of the influence of enzyme 
inhibitors and intermediary metabolites on cardiac 
function, by Alfred E. Farah. 

University of Maryland School of Medicine, Bal- 
timore, $5,680.50 for the study of factors causing 
obesity and the influence of obesity in the develop- 
ment of arteriosclerosis and other cardiovascular 
diseases, by Frank H. J. Figge. 

Cardio-Pulmonary Laboratory, Bellevue Hospi- 
te’, New York, $5,171.25 for the study of the role 
oi the effective circulatory blood volume in conges- 
tive heart failure; the sensitivity of the respiratory 
cei.ter in cor pulmonale, by Alfred P. Fishman. 

state University Medical Center at New York, 
Nw York, $3,150 for the study of the effect of lung 
e) vansion and of respiration upon the output of the 
ri:ht ventricle and upon pulmonary resistance, by 
\ ble O. Fowler. 

Harold Brunn Institute, Mount Zion Hospital, 


San Francisco, $3,150 for studies concerning the 
metabolism of cholesterol, by Meyer Friedman. 

Johns Hopkins University School of Medicine, 
Baltimore, $5,250 for the analysis of factors re- 
sponsible for experimental psychogenic tachycardia 
with especial attention to the role of Person in (1) 
producing changes in heart rate in the normal dog 
and (2) in the production of psychogenic tachy- 
cardia, by W. Horsely Gantt. 

Institute ‘for Medical Research, Cedars of Leba- 
non Hospital, Los Angeles, $3,780 for the study of 
capillary circulation in experimental renal hyper- 
tension in dogs, by Harry Goldblatt. 

Vanderbilt University School of Medicine, Nash- 
ville, $3,780 for the study of prolonged use of the 
oxygenator in experimental coronary occlusion, by 
Frank Gollan. 

Yale University School of Medicine, New Haven, 
$6,048 for the study of hemodynamic factors affect- 
ing electrolyte metabolism and the renal excretion 
of electrolytes, by Allan V. N. Goodyer. 

Northwestern University Medical School, Chi- 
cago, $4,200 for the study of the partition of coro- 
nary flow and the factors influencing it, by Gerald 
R. Graham. 

University of California Medical School, Berke- 
ley, California, $5,250 for tracer studies of the inter- 
mediate metabolism of amino acids and related 
compounds of significance for hypertension and 
arteriosclerosis, by David M. Greenberg. 

University of Buffalo School of Medicine, Buffalo, 
$4,725 for hemodynamic studies in valvular heart 
disease, by David G. Greene. 

Medical College of Georgia, Augusta, $8,400 for 
the training of candidates in cardiovascular research 
methods, by W. F. Hamilton and R. P. Ahlquist. 

University of Utah College of Medicine, Salt Lake 
City, $6,300 for the study of pharmacology, physi- 
ology and biochemistry of the heart; research on the 
mechanism of action of digitalis, by Stewart C. 
Harvey. 

Providence College, Providence, R. I., $2,003.68 
for the study of labile digitonin precipitable metabo- 
lites of acetate in the chick embryo and living rat 
liver tissue, normal, regenerating and tumorous, by 
Frederick C. Hickey. 

State University of Iowa College of Medicine, 
Iowa City, $5,250 for the study of cardiovascular 
adjustments to the sudden acute occlusion of the 
thoracic aorta and/or one or both of the vena cava, 
by Steven M. Horvath. 

University of Tennessee College of Medicine, 
Memphis, $7,770 for the study of the role of the 
heart, blood vessels, liver and altered body fluids 
in the hypertension arising in dogs living a month 
or longer without kidneys, by C. Riley Houck. 

Instituto de Biologia y Medicina Experimental, 
Buenos Aires, $10,000 for the study of experimental 
hypertension, by Bernardo A. Houssay. 

Columbia University College of Physicians and 
Surgeons, New York, $4,200 for the study of cardio- 
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vascular problems as related to surgery, by George 
H. Humphreys I. 

Montefiore Hospital, New York, $3,150 for the 
study of the surgical correction of mitral insuffi- 
ciency, by Elliot Hurwitt. 

University of Chicago School of Medicine, Chi- 
cago, $5,250 for the identification of the hypocho- 
lesteremic agent in a brain extract and studies on its 
mode of action, by Richard J. Jones. 

St. Luke’s Hospital, New York, $4,250 for the 
study of renal hemodynamics, albuminuria and elec- 
trolyte excretion, by John H. Keating. 

University of South Dakota Medical School, Ver- 
million, $5,985 for biosynthesis and purification of 
high specific activity radiodigitoxin, by F. E£. 
Kelsey. 

Oklahoma Medical Research Institute, Oklahoma 
City, $5,433.75 for the study of the influence of 
adrenal cortical hormones on cardiac lesions and 
enzymes, by Charles D. Kochakian. 

Harvard Medical School, Boston, $7,875 for the 
study of the circulatory action of the esters of proto- 
verine and of germine, by Otto Krayer. 

Harvard Medical School, Boston, $4,181.10 to 
study the partial synthesis of hypotensive veratrum 
alkaloids, by S. Morris Kupchan. 

Massachusetts General Hospital, Boston, $4,961.- 
25 for the study of factors that regulate extracellular 
fluid volume in the normal and edematous subject, 
by Alexander Leaf. 

Montefiore Hospital, New York, $5,775; the use 
of a method of measuring lower extremity blood 
flow (muscle flow) to study the peripheral circula- 
tion and to measure certain aspects of muscle me- 
tabolism in normal subjects and cardiac patients, by 
Louis Leiter. 

Peter Bent Brigham Hospital, Boston, $5,250, an 
investigation into the relation of renal failure to 
certain disorders of the cardiovascular system, by 
John P. Merrill. 

Johns Hopkins Hospital, Baltimore, $5,499.11 for 
the study of factors governing the dye-dilution 
curve in the presence of cardiovascular shunts, by 
William R. Milnor. 

The Middlesex Hospital, Medical School, Lon- 
don, England, $1,546.65, measurement of field po- 
tentials set up by the heart and other current- 
producing tissues, by Clifford V. Nelson. 

New York University-Bellevue Medical Center, 
New York, $8,268.75 for the study of the temporary 
interruption of the cardiac and pulmonary circula- 
tions by hypothomia and with a new type of blood- 
oxygenator, by John J. Osborn. 

University of California, College of Agriculture, 
Berkeley, $5,250 for the study of dietary factors 
influencing tissue levels of cholesterol with particu- 
lar emphasis on the effect of plant sterols on the 
absorption and disposition of dietary cholesterol, by 
Daniel W. Peterson. 

Research Institute, Montreal General Hospital, 
Montreal, $5,512.50 the influence of substituted 


acetic acids (R-CH:COOH) on fat metabolism in 
heart muscle, by J. H. Quastel. 

Stanford University School of Medicine, Sai 
Francisco, $5,250 for the study of the effects o 
pulmonary hypertension on pulmonary gas ex 
change, by Victor Richards. 

State University Medical Center at Syracuse Uni 
versity School of Medicine, Syracuse, New York 
$5,250 for the study of the effects of cardiac glyco 
sides and other substances on cardiac actomyosi) 
threads, by Jane Sands Robb. 

Cornell University Medical College, New York 
$3,543.75 experimental studies on rheumatic fever 
by William C. Robbins. 

Harold Brunn Institute, Mount Zion Hospital 
San Francisco, $3,150 for the study of the role o: 
potassium in maintenance of blood pressure an 
peripheral vascular reactivity in normotensive and 
hypertensive states, by Ray H. Rosenman. 

University of Washington School of Medicine, 
Seattle, $6,615 for the study of factors influencing 
diastolic filling and systolic emptying of the ven 
tricular chambers, by Robert F. Rushmer. 

Ohio State University College of Medicine, 
Columbus, $5,250 for the study of the changes in 
the ionic composition of the intracellular fluid in 
experimental and clinical hypertension, by Leo A. 
Sapirstein. 

Washington University School of Medicine, St. 
Louis, Missouri, $3,932.25 for the study of experi- 
mental collagen disease. Functional and anatomic 
responses of the cardiovascular system in experi- 
mental animals to repeated antigenic assaults ad- 
ministered by various routes, by John R. Smith. 

Cornell University Medical College, New York, 
$5,250 for the study of the distribution of electro- 
lytes in acute renal failure, by Roy C. Swan. 

Southwestern Medical School of the University 
of Texas, Dallas, $4,095, the use of ion exchange 
resins for quantitative analysis of biological mate- 
rial, by John C. Vanatta. 

Heart Hospital, University of Minnesota, Minne- 
apolis, $5,250 for studies in intermediary metabo- 
lism; the effect of alkali metal cations on acetate 
metabolism, by Richard W. Von Korff. 

University of Illinois College of Medicine, Chi- 
cago, $5,250 for the study of the pathogenesis and 
treatment of experimental renal hypertension, spon- 
taneous hypertension and neurogenic hypertension 
(dogs and monkeys), by G. FE. Wakerlin. 

Duke University School of Medicine, Durham, 
$5,250 for the study of the response of the pulmo- 
nary vascular bed to hemodynamic alterations in 
the systemic circulation, by James V. Warren. 

New York University College of Dentistry, New 
York, $4,620 for the study of the relation of platelet 
function to blood coagulation, with particular refe: 
ence to platelet morphology, release of vasocot- 
strictor substance from the platelets and the 
formation of hemostatic platelet plugs in rats wit) 
coagulation disorders, by Marjorie B. Zucker. 
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ANNUAL ELECTIONS 


Robert L. King, M.D., Seattle, assumed the 
Presidency of the Association for the 1953-54 
tem at the Twenty-Ninth Annual Meeting in 
A:lantie City in April. Dr. King is a partner in 
th» Mason Clinic in Seattle and is Chief of 
Medical Service and Secretary of the Board of 
Trustees of Virginia Mason Hospital in that 
ciiy. He is also Clinical Associate Professor of 
Medicine at the University of Washington 
School of Medicine, and Consultant in Car- 
divlogy to the Department of Health, Territory 
of Alaska. A member of the Board of Directors 
of the American Heart Association since 1948, 
Dr. King had been a Vice-President since 1951. 
He succeeded Dr. Irving 8. Wright, New York, 
who, as retiring President, beeame Chairman of 
the Association’s Scientific Council. 

I. Cowles Andrus, M.D., Associate Professor 
of Medicine at Johns Hopkins University Med- 
ical School, Baltimore, was chosen President- 
Elect. He has been a Vice-President of the 
Association and a member of the Executive 
Committee of the Board of Directors for 
several years. 

Elected as Vice-Presidents were A. W. 
tobertson, Pittsburgh, and Robert W. Wilkins, 
M.D., Boston. Vice-Presidents re-elected were 
Mrs. Alben W. Barkley, Paducah, Ky.; Bruce 
Barton, New York; T. Duckett Jones, M.D., 
New York; Frederick K. Trask, Jr., New York; 
Irvine H. Page, M.D., Cleveland; and John J. 
Sampson, M.D., San Francisco. Berkeley D. 
Johnson, New York, was re-elected Treasurer. 


Bruce Barton Named Board Chairman 


Bruce Barton, New York, has been named 
Chairman of the Board of Directors of the 
Association. He succeeds A. W. Robertson, 
Pittsburgh, who is now a Vice-President of the 
Association. Mr. Barton is Chairman of the 
Board of Batten, Barton, Durstine and Osborn, 
advertising agency, and served as National 
Chairman of the Heart Fund campaign during 
th: past three years. 


Bourd Members 


Yew members elected to the Board of Direc- 
tos (for a three-year term except where other- 
wi-e indicated) were: Emmet B. Bay, M.D., 
Chicago; Lewis T. Bullock, M.D., Los Angeles 


(vacancy, one year); 8S. DeWitt Clough, Chi- 
cago; Mrs. Preston Davie, New York; Thomas 
J. Deegan, Jr., New York; Thomas M. Durant, 
M.D., Philadelphia; Edgar Durbin, M.D., 
Denver; Frank N. Isbey, Detroit; Louis N. 
Katz, M.D., Chicago (vacancy, two years); 
Jerome G. Kaufman, M.D., Newark; Edwin 
P. Maynard, Jr., M.D., New York; Homer P. 
Rush, M.D., Portland, Ore.; David D. Rut- 
stein, M.D., Boston; Carter Smith, M.D., At- 
lanta (vacancy, two years); Sylvester L. 
Weaver, Jr., New York. 

Scientific Council Board Members 


Chosen to represent the Scientific Council 
and its component sections and councils on 
the Board of Directors were the following: 

Representing the Scientific Council as a 
whole: Stanley E. Bradley, M.D., New York; 
Francis L. Chamberlain, M.D., San Francisco; 
Eugene A. Stead, Jr., M.D., Durham, N. C.; 
Irving 8. Wright, M.D., New York. 

Representing the Council on Rheumatic 
Fever and Congenital Heart Disease: John P. 
Hubbard, M.D., Philadelphia; George M. 
Wheatley, M.D., New York. 

Representing the Council for High Blood 
Pressure Research: Adrian D. Joyce, Cleve- 
land; Frank E. Joseph, Cleveland. 

Representing the Section -on Circulation: 
Nelson W. Barker, M.D., Rochester, Minn.; 
George E. Burch, M.D., New Orleans. 

Representing the Section on Clinical Car- 
diology: A. Carlton Ernstene, M.D., Cleveland; 
Hugh Morgan, M.D., Nashville, Tenn. 
Officers of Scientific Council and Its Sections 

In addition to Irving 8. Wright, M.D., New 
York, who, as retiring President of the Asso- 
ciation, became Chairman, George E. Waker- 
lin, M.D., Chicago, has been named Vice- 
Chairman of the Scientific Council. A. Carlton 
Ernstene, M.D., Cleveland, has been chosen 
Secretary. 

The following have been named officers of 
the constituent Sections and Councils of the 
Scientifie Council: 

Council on Rheumatic Fever and Congenital 
Heart Disease: J. G. Fred Hiss, M.D., Syra- 
cuse, N. Y., Chairman; Katherine D. Brownell, 
M.D., New York, Vice-Chairman. 

Section on Circulation: George E. Burch, 
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M.D., New Orleans, Chairman; A. Wilbur 
Duryee, M.D., New York, Vice-Chairman; 
Grace M. Roth, Ph.D., Rochester, Minn., Sec- 
retary. 

Council for High Blood Pressure Research: 
Adrian D. Joyce, Cleveland, President. Mr. 
Joyce, Chairman of the Board of the Glidden 
Company, succeeded the late Alva Bradley, who 
died of a heart ailment last March. Frank E. 
Joseph, Cleveland, was named Vice-President, 
and George E. Merrifield, Cleveland, was chosen 
Secretary. George E. Wakerlin, M.D., Chicago, 
was named Chairman of the Medical Advisory 
Board. Eugene B. Ferris, M.D., Atlanta, was 
named Vice-Chairman. 

Section on Clinical Cardiology: A. Carlton 

Ernstene, M.D., Cleveland, Chairman; Emmet 
B. Bay, M.D., Chicago, Vice-Chairman; Carter 
Smith, M.D., Atlanta, Secretary. 
, Section on Cardiovascular Surgery: George 
H. Humphreys II, M.D., New York, Chair- 
man; Robert E. Gross, M.D., Boston, Vice- 
Chairman; Jere W. Lord, Jr., M.D., New York, 
Secretary. 

Section on Basic Science: William F. Hamil- 
ton, Ph.D., Augusta, Ga., Chairman; Louis N. 


Katz, M.D., Chicago, Vice-Chairman; Hyman 
S. Mayerson, Ph.D., New Orleans, Secretary. 


GOLD HEART AWARDS 


The American Heart Association’s Gold 
Heart Awards for outstanding contributions to 
cardiovascular medicine and the Heart Pro- 
gram were presented at the Annual Dinner in 
Atlantic City in April to Haven Emerson, 
M.D., and Bruce Barton, both of New York 
City. Dr. Emerson, a founder of the American 
and New York Heart Associations, was honored 
for his creative leadership in the broad field of 
public health for nearly half a century. Dr. 
Emerson, who began the practice of medicine 
in 1899, is now retired from his many academic 
and public positions. Mr. Barton, noted ad- 
vertising executive and author, was honored 
for his service as National Chairman of the 
1951, 1952 and 1953 Heart Fund campaigns, 
and as a Vice-President of the Association. 


MEDALLION TO DR. WRIGHT 


The Association’s Distinguished Service 
Silver Medallion was presented to Irving 8. 


Wright, M.D., as retiring President, at th: 
Annual Dinner. Dr. Wright, Professor of Clini 
cal Medicine, Cornell University Medical Col 
lege, is a Past President of the New York 
Heart Association and a member of its Boar 
of Directors since 1935. 


FIRST BLAKESLEE AWARD FOR 
SCIENTIFIC REPORTING 


The Association’s first annual $1,000 Howard 
W. Blakeslee Award for outstanding scientific 
reporting in the cardiovascular field was pre- 
sented to Wade Arnold, Executive Producer of 
the National Broadcasting Company, at the 
Annual Dinner. The Award was established in 
memory of Howard W. Blakeslee, late science 
editor of the Associated Press. Mr. Arnold re- 
ceived the award for his “creative achievement 
in writing and producing the documentary ra- 
dio program, ‘Only One to a Customer.’ ” 


MEETING OF COUNCIL FOR 

HIGH BLOOD PRESSURE RESEARCH 

Papers by five research investigators were 
read at the Scientific Sessions held in conjunc- 
tion with the Annual Meeting of the Council 
for High Blood Pressure Research, which took 
place in Cleveland in May. The investigators 
and the titles of their papers were as follows: 


R. W. Sevy, Ph.D., University of Illinois College 
of Medicine, Chicago: ‘The Anterior Pituitary and 
Adrenal Cortex in Experimental Hypertension’’; 

George M. C. Masson, M.D., Cleveland Clinic, 
Cleveland: “The Role of Renin in Experimenta! 
Hypertensive Vascular Diseases’’; 

Simon Rodbard, Ph.D., M.D., Michael Reese 
Hospital, Chicago: ‘“Salt-Water Balance and Blood 
Pressure”’; 

D. M. Green, M.D., University of Southern 
California Department of Medicine, Los Angeles: 
“Changing Patterns of Sodium Metabolism in Hy 
pertension”’; 

George A. Perera, M.D., College of Physician: 
and Surgeons, Columbia University, New York 
“Electrolyte Participation in Human Hyperten 
sion.” 


The proceedings of this Council meeting wil 
be published at a later date. The proceeding: 
of the 1952 Annual Council Meeting, published 
by the Association in a paper-covered mono 
graph, are currently available at $1.75 pe! 
copy. The volume includes six scientific papers 
summarizing recent developments in research 





AMERICAN HEART ASSOCIATION 159 


and treatment in the cardiovascular field, and a 
»imber of informal addresses to laymen by 
pliysicians prominent in the activities of the 
\ sociation. 


CARDIOLOGY CONGRESS 


L. Whittington Gorham, M.D., New York, 
iis been named Secretary-General of the 
~econd International Congress of Cardiology. 

he Congress will take place in Washington, 
1).C., Sept. 12 through 15, 1954. Dr. Gorham 

Director of the Public Health Research In- 

itute of the City of New York and Chairman 
of the New York State Public Health Council. 

The 1954 Scientific Sessions of the American 
ileart Association, which are usually held in 
conjunction with the Association’s Annual 
Meeting, will be held instead on September 16— 
i8, in Washington, immediately following the 
International Congress of Cardiology. 


1954 ANNUAL MEETING 


The 1954 Annual Meeting of the Association 
will take place in Chicago on Thursday and 
Friday, April 1 and 2, at the Conrad Hilton 
Hotel. It will be followed by special Scientific 
Sessions, conducted by the Section on Clinical 
Cardiology of the Scientifie Council, on Satur- 
day and Sunday, April 3 and 4. These sessions 
will precede the annual meeting of the Ameri- 
can College of Physicians. 


“NOMENCLATURE AND CRITERIA”’ 


A completely revised and greatly expanded 
edition of the standard medical handbook, 
Nomenclature and Criteria for Diagnosis of Dis- 
eases of the Heart and Blood Vessels, has been 
prepared by the New York Heart Association 
and is now being distributed by the American 
Heart Association and its affiliates. The illus- 
trated handbook is intended primarily to clarify 
aud standardize the language used by the medi- 
cal profession in diagnosing cardiovascular dis- 
exses. By enabling physicians to record their 
‘ndings with precision, it assists them in com- 
municating vital information to other physi- 

‘ans or to hospital or clinic personnel who 
ooperate in the management of: the patient. 

Nomenclature and Criteria was first published 

1 1929. This, the fifth edition, was prepared 
y the Criteria Committee of the New York 


Heart Association, under the Chairmanship of 
Harold E. B. Pardee, M.D., as were the preced- 
ing four. The fourth edition was issued in 1939. 

Some entirely new concepts and viewpoints 
in the cardiovascular fields, developed over the 
past ten years, are presented in the new edition. 
For the first time it includes a section on dis- 
eases of the peripheral vessels. Extensive revi- 
sions have been made and new material added 
to the sections on x-ray and electrocardiog- 
raphy to conform with recent advances. The 
criteria for the diagnosis of rheumatic fever 
have been amplified and made more exacting, 
and the criteria for diagnosis of congenital 
anomalies have been expanded. 

The new edition also contains a revised Chart 
of Functional Capacity and Therapeutic Classi- 
fication to help the physician prescribe the 
amount of physical activity appropriate to a 
patient. Developed by the Criteria Committee 
of the New York Heart Association, this chart 
is generally accepted as standard throughout 
the United States. For the convenience of doc- 
tors and other professional persons, the Ameri- 
can Heart Association has reprinted the chart 
on a handy 4 by 914 inch card to be kept for 
quick reference in a desk corner or jacket 
pocket, or for use as a book mark. Among 
other advantages, the classification chart offers 
a uniform terminology for transmitting infor- 
mation needed by the employment counselor 
or rehabilitation worker. 

Nomenclature and Criteria may be purchased 
through heart associations or book stores at 
$4.95 a copy. 


FILMS ON CARDIOVASCULAR 
DISEASE 


A volume reviewing 62 available films and 
listing 118 additional films in the cardiovascu- 
lar field has recently been published as a joint 
undertaking of the American Heart Association 
and the Association of American Medical Col- 
leges. Entitled Films in the Cardiovascular Dis- 
eases: Survey, Analysis, and Conclusions, the 
book was prepared by David S. Ruhe, M.D., 
New York, and his associates of the Medical 
Audio-Visual Institute of the Association of 
American Medical Colleges, assisted by panels 
of cardiologists. It is directed to those who are 
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interested in or find a need to utilize films in 
the teaching of cardiovascular subjects. The 
price of the book is $1.50 paper-bound, $2.00 
cloth-bound. 


TRAINING COURSE FOR 

CARDIOVASCULAR INVESTIGATORS 

A training course for cardiovascular investi- 
gators is being offered by the Departments of 
Physiology and Pharmacology, Medical College 
of Georgia. This 12-month training program in 
the disciplines of cardiovascular research, for a 
limited number of qualified individuals, is sup- 
ported by the National Heart Institute, U. 8. 
Public Health Service. The American Heart 
Association also is contributing $8,400 toward 
the course for the first year. The course begins 
July, 1953. W. F. Hamilton, Ph.D. and R. P. 
Ahlquist, Ph.D., will be in charge. 

To accelerate the development of available 
qualified personnel for research in cardiovascu- 
lar problems, the year’s course includes the 
following: formalized technical training in vari- 
ous research methods employed on humans and 
animals; assistance of qualified investigators in 
basic animal research (Professors Philip Dow 
and John Remington and Associate Professor 
Robert Alexander will head such research 
groups). Supervised experience in independent 
research and manuscript preparation will con- 
clude the training program. 

Graduates in medicine or related sciences 
who are highly recommended and acceptable 
to the Program Directors are eligible. There 
are no tuition fees. The research traineeships 
carry an annual stipend of $3400, plus an 
allowance of $350 for each dependent. First- 
class transportation will be furnished a research 
trainee (but not his dependents) from his home 
or institution of residence to Augusta, Ga. 
Return transportation is not provided. 

For queries or application forms write: W. 
F. Hamilton, Ph.D., Department of Physi- 
ology, or R. P. Ahlquist, Ph.D., Department 
of Pharmacology, Medical College of Georgia, 
Augusta, Ga. 


ELECTROCARDIOGRAPHIC 
INTERPRETATION 


A course in Electrocardiographic Interpreta- 
tion for graduate physicians will be given at 


the Michael Reese Hospital by Louis N. Katz, 
M.D., Director of the Cardiovascular Depart- 
ment, Medical Research Institute, and asso- 
ciates. The class will meet daily from 9:00 a.m. 
to 5:00 p.m., August 3 through August 15. 

Further information and a copy of the lecture 
schedule may be obtained upon application to 
Mrs. Rivian H. Lewin, Administrative Secre- 
tary, Cardiovascular Department, Medical Re- 
search Institute, Michael Reese Hospital, Chi- 
cago 16. 


INSTITUTE ON RHEUMATIC FEVER 


La Rabida Sanitarium, Chicago, anounces 
the inauguration of an annual institute in the 
field of rheumatic fever. The five-day sessions 
will begin Oct. 12, 1953. 

For four days the institute will be conducted 
by members of the hospital staff, together with 
others selected from medical schools in Chicago 
with which the hospital is affiliated, and by 
several invited guests. It will be directed pri- 
marily to the general practitioner or family 
physician and to nurses, medical social workers, 
occupational therapists, dentists and others 
with a similar interest in the subject. There 
will also be a scientific session. 

Sessions will be provided also for the public, 
especially patients and their parents. Advance 
registration will be required for those who wish 
to attend the entire institute. Visitors to in- 
dividual sessions will be admitted by card on 
previous application. There will be no admis- 
sion or tuition charge. For further information, 
apply to Institute, La Rabida Sanitarium, East 
65th St. and South Shore Drive, Chicago 49. 


SYMPOSIUM 


The University of Vermont, in conjunction 
with the Vermont and New Hampshire Heart 
Associations, will hold an International Sympo- 
sium on “Cardiovascular Regulations” in Bur- 
lington, Vt., Sept. 8 through 10. Participants 
from abroad will include workers in the field 
from Europe, South America and Africa. Present 
plans call for formal communications to be pre- 
sented by guests from abroad with American 
participants joining in the discussion. Addi- 
tional information may be obtained from Wil- 
helm Raab, M.D., University of Vermont Col- 
lege of Medicine, Burlington. 
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